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POWER FOR LIVING Matthew W. Gissendanner

Assistant General Counsel

July 18, 2012

VIA HAND DELIVERY
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Chief Clerk and Administrator
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101 Executive Center Drive
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RE: Application of South Carolina Electric & Gas Company for a Certificate of

Environmental Compatibility and Public Convenience and Necessity for the

Construction and Operation of Two 230 kV Transmission Lines From Its V.C.

Summer Switchyard #2 to Its Planned St. George Switching Station
Docket No. 2012-225-E

Dear Ms. Boyd:

Enclosed for filing on behalf of South Carolina Electric & Gas Company ("SCE&G" or

"Company") in the above-captioned docket are the direct testimony and exhibits of Hubert C.

Young, III and Dwight M. Hollifield.

By copy of this letter, we are providing the other parties of record

SCE&G's direct testimony and attach a certificate of service to that effect.

If you have any questions, please advise.

with a copy of

Very truly yours,

Matthew W. Gissendanner

MWG/mcs

Enclosures

cc: John W. Flitter

Jeffrey M. Nelson, Esquire

(both via hand delivery w/enclosures)

Alvin A. Taylor
Duane Parrish

Marshall Taylor, Esquire

(all via U.S. First Class Mail w/enclosures)

SCANA Services, Inc. - Legal Regulatory Department - 220 Operation Way - MC C222 - Cayce, South Carolina - 29033-3701 - (803) 217-5359

www.scana.com
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CERTIFICATE OF SERVICE

This is to certify that I have caused to be served this day one (1) copy of South

Carolina Electric & Gas Company's Direct Testimony and Exhibits of Hubert C.

Young, III and Dwight M. Hollifield via U.S. First Class Mail to the persons named

below at the addresses set forth:

Alvin A. Taylor

South Carolina Dept. of Natural Resources
Post Office Box 167

Columbia, SC 29202

Marshall Taylor, Esquire
SCDHEC

2600 Bull Street

Columbia, SC 29201

Duane Parrish

SC Dept. of Parks, Recreation and Tourism
1205 Pendleton Street, Suite 248

Columbia, SC 29201



This is to certify that I havecausedto be servedthis day one (1) copy of South

Carolina Electric & Gas Company's Direct Testimony and Exhibits of Hubert C.

Young, III and Dwight M. Hollifield via hand delivery to the persons named below at

the addresses set forth:

John W. Flitter

Office of Regulatory Staff
1401 Main Street, Suite 900

Columbia, SC 29201

Jeffrey Nelson, Esquire

Office of Regulatory Staff
1401 Main Street, Suite 900

Columbia, SC 29201

Cayce, South Carolina

This 18 th day of July, 2012
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A.

HUBERT C. YOUNG, III

ON BEHALF OF

SOUTH CAROLINA ELECTRIC & GAS COMPANY

DOCKET NO. 2012-225-E
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PLEASE STATE YOUR NAME, BUSINESS ADDRESS AND POSITION.

My name is Hubert C. Young, III. My business address is 601 Old Taylor

Road, Mail Code J37, Cayce, South Carolina 29033. I am employed by South

Carolina Electric & Gas Company ("SCE&G" or "Company") where I am the

Manager of Transmission Planning.

12

13

14

15

16

17

Qo

A.

PLEASE DESCRIBE YOUR EDUCATIONAL AND BUSINESS

BACKGROUND.

I am a graduate of Clemson University with a Bachelor of Science degree in

Electrical and Computer Engineering. I am a registered Professional Engineer in the

State of South Carolina.

18

19

20

21

I began working for SCE&G in 1975. During my thirty-seven years of

service with the Company, I have held a number of positions in the Engineering

Computer Support Department and Transmission Planning. In 1993, I was promoted

to my current position of Manager of Transmission Planning.
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Qo

A°

ARE YOU A MEMBER OF ANY INDUSTRY COMMITTEES FOR

SYSTEM RELIABILITY ASSESSMENT OR PLANNING?

Yes, I am currently Chairman of the SERC Reliability Corporation (formerly

known as the Southeastern Electric Reliability Council and hereinafter referred to as

"SERC") Engineering Committee. Additionally, I am a member of the North

American Electric Reliability Corporation ("NERC") Planning Committee, the

NERC Reliability Assessment Subcommittee, the Carolinas Transmission Planning

Coordination Agreement Principal Planners Committee, the Eastern Interconnection

Planning Collaborative ("EIPC") Technical Committee, the EIPC Stakeholder

Steering Committee Transmission Owner Caucus and various other committees.

All of these committees are directly involved with setting reliability standards

for the electric power industry or assessing the current and future capabilities of the

integrated transmission grid in North America, the Southeast, and the

Virginia/Carolinas.

PLEASE SUMMARIZE YOUR DUTIES AS MANAGER OF

TRANSMISSION PLANNING AT SCE&G.

I oversee the planning and associated analyses of the SCE&G electric

transmission system and all interconnection transmission facilities with

neighboring utilities. The goal of transmission planning at SCE&G is to ensure

reliable and cost-effective delivery of electric power to SCE&G customers while

developing and maintaining strategically supportive infrastructure to sustain and

2
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further South Carolina's economic development and the Company's financial

integrity.

PLEASE DESCRIBE THE PURPOSE OF YOUR TESTIMONY.

The purpose of my testimony is to discuss the need and necessity for the

construction of the new VCS2-St. George 230 kilovolt ("kV") Lines No. 1 and No.

2, the St. George 230 kV Switching Station, and the Saluda River 230/115 kV

Transmission Substation. Each of these new facilities is shown on the map attached

hereto as Exhibit No. __ (HCY-1).

The proposed VCS2-St. George 230 kV Line No. 1 is planned to run within

existing rights-of-way for approximately 97 miles from the V.C. Summer

Switchyard #2 to the St. George 230 kV Switching Station near St. George, South

Carolina. By Order No. 2011-978, in Docket 2011-325-E, the Public Service

Commission of South Carolina ("Commission") granted SCE&G a Certificate of

Environmental Compatibility and Public Convenience and Necessity for a 22-mile

segment of this line that runs alongside the VCS2-Lake Murray 230 kV Line No. 2

between the VCSNS Switchyard #2 and the Lake Murray 230/115 kV Substation.

With respect to the VCS2-St. George 230 kV Line No. 1, my testimony in this

proceeding will focus on the remaining 75-mile segment of that line for which

SCE&G is presently seeking a Certificate of Environmental Compatibility and

Public Convenience and Necessity.
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The proposedVCS2-St. George 230 kV Line No. 2 is planned to run within

existing rights-of-way for approximately 93.6 miles from the V.C. Summer

Switchyard #2 to the St. George 230 kV Switching Stationnear St. George,South

Carolina. After departing the V.C. Summer Switchyard #2, the VCS2-St. George

230 kV Line No. 2 will run alongside the VCS2-Lake Murray 230 kV Line No. 1,

for which SCE&G requesteda "like facility" determination in Docket 2012-222-E,

for approximately 18.6miles to the intersectionwith the VCS2-Lake Murray 230 kV

Line No. 2/St. George 230 kV Line No. 1 near the Lake Murray 230/115 kV

Substation. At this point, the VCS2-St. George230 kV Lines No. 1 andNo. 2 will

start running alongside one another within various existing SCE&G rights-of-way

for approximately 75 miles to the planned St. George230 kV Switching Stationnear

St. George, SouthCarolina. Along the way, SCE&G anticipatesthat the VCS2-St.

George230 kV Line No. 2 will connect to SCE&G's planned Saluda River 230/115

kV Transmission Substation near West Columbia, South Carolina, providing the

power source to the substation. Initially, the VCS2-St. George 230 kV Line No. 2

will provide a single power source to the substation; when all work is completed the

VCS2-St.George 230 kV Line No. 2 will provide a two-way power source to the

substation.

No.

Though SCE&G plans to construct the new VCS2-St. George 230 kV Lines

1 and No. 2 within existing rights-of-way, SCE&G may purchase limited

4
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A.

amounts of new right-of-way if cost efficiencies, safety concerns, or reliability

improvements are identified in the final design phase.

WHY ARE THE VCS2-ST. GEORGE 230 kV LINES NO. 1 AND NO. 2

AND THE ST. GEORGE 230 kV SWITCHING STATION NEEDED?

SCE&G is a co-owner of V.C. Summer Unit 1 with Santee Cooper.

Currently, SCE&G's 644 megawatts portion of the electricity generated at V.C.

Summer Unit 1 is routed to SCE&G's system by way of six (6) 230 kV

transmission lines. V.C. Summer Units 2 and 3 also will be jointly owned by

SCE&G and Santee Cooper. SCE&G's share of the additional 2,234 megawatts to

be generated by V.C. Summer Units 2 and 3 is 55% or approximately 1,229

megawatts. SCE&G's transmission planning studies have shown that additional

transmission facilities will be required to maintain system reliability and to route

SCE&G's portion of the power produced by these plants to its customers in a cost-

effective manner. The VCS2-St. George 230 kV Lines No. 1 and No. 2 are the

principal transmission facilities that will be required to route the power from V.C.

Summer Unit 3 onto SCE&G's system, and the St. George 230 kV Switching

Station will be the hub in the southern portion of SCE&G's system where power

from Unit 3 will be distributed to other areas and major substations in this portion

of SCE&G's system.
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A.

WHAT CRITERIA DOES SCE&G USE TO DETERMINE WHEN NEW

TRANSMISSION FACILITIES ARE NEEDED?

The Company uses external and internal criteria to guide its decision-

making related to the development of new or upgraded transmission facilities.

Externally, our Company subscribes to the Transmission Planning Standards

established by NERC, and internally SCE&G adheres to its Long Range Planning

Criteria. In accordance with these standards and criteria, the SCE&G

Transmission System is designed so that nothing more serious than local load

impacts will occur during certain contingencies and so that after appropriate

switching and re-dispatching, all non-radial loads can again be served with

reasonable voltages, and all facilities can again operate within acceptable

operating limits. A sample of contingencies considered includes:

1. Loss of any generator;

2. Loss of any transmission circuit operating at a voltage level of 115 kV or

above;

3. Loss of any transmission transformer;

4. Loss of any electrical bus and associated facilities operating at a voltage

level of 115 kV or above;

5. Loss of all circuits on a common structure;

6. Loss of entire generating capacity in any one plant;

7. Loss of any generating unit simultaneously with the loss of a single

transmission line;

6
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Loss of all components associated with a breaker failure; and

Loss of any generator, transmission circuit, or transmission transformer,

followed by manual system adjustments, followed by the loss of another

generator, transmission circuit, or transmission transformer.

HOW DOES TRANSMISSION PLANNING DETERMINE WHAT TYPES

OF TRANSMISSION FACILITIES ARE REQUIRED TO SERVE A

GENERATION FACILITY?

Pursuant to the Federal Energy Regulatory Commission's Large Generator

Interconnection Rule, also known as Order No. 2003, electric utilities such as

SCE&G are required to conduct various studies to determine what transmission

facilities will be necessary to interconnect proposed generating facilities with an

output capacity of twenty (20) megawatts or more. These studies are conducted in

three phases which consist of a "Generator Interconnection Feasibility Study," a

"Generator Interconnection System Impact Study," and a "Generator

Interconnection Facilities Study."

The Generator Interconnection Feasibility Study is the first step in the

analysis and is intended to provide the interconnection customer with a basic

analysis to assist the customer in determining whether to pursue the project. A

Generator Interconnection Feasibility Study is not intended to determine the final

facilities needed or the costs of interconnecting the generator to the existing

system; it is a preliminary study to aid the interconnection customer in
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determining whether, after considering the transmission constraints identified in

the study, the customer's proposed generation plan remains feasible, and whether

the customerwants to proceedwith more detailed and more costly studies.

The Generator Interconnection System Impact Study is an extension of the

Feasibility Study and consists of a more detailed study of the transmission owner's

transmission system. It considers the full impact of the proposed new generation

on system performance during normal and contingency conditions. With respect

to V.C. Summer Units 2 and 3, Transmission Planning considered a full test of the

NERC Reliability Standards Table 1 and the SCE&G Long Range Planning

Criteria in conducting the Generator Interconnection System Impact Study.

The Generator Interconnection Facilities Study is the final phase of the

analysis process. This study specifies and estimates the cost of the equipment,

engineering, procurement, and construction work needed to implement the

conclusions of the Generator Interconnection System Impact Study in accordance

with good utility practices and to connect the interconnection facility to the

transmission system physically and electrically. The study also identifies the

electrical switching configuration of the connection equipment including but not

limited to transformers, switchgear, meters and other station equipment. The

study further analyzes the nature and estimated cost of any transmission provider's

interconnection facilities and network upgrades necessary to accomplish the

interconnection and estimates the time required to complete construction and

installation of such facilities.
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Qo

A,

V.C. SUMMER UNITS 2 AND 3?

Yes. Transmission Planning performed Generator Interconnection

Feasibility Studies, Generator Interconnection System Impact Studies and

Generator Interconnection Facilities Studies relating to the transmission facilities

necessary to interconnect V.C. Summer Units 2 and 3. At the time the group

performed these studies, each generator unit was to have a maximum gross output

capacity of 1,375 megavolt amperes ("MVA") and a maximum net megawatt

capacity of 1,165 megawatts. Subsequently, the Company determined that the

generation facilities would be designed to have a maximum net megawatt capacity

of 1,117 megawatts each. The reduction in megawatt capacity does not impact the

transmission analysis

facilities necessary to

attached to this testimony as Exhibit No. __

or Transmission Planning's recommendations as to the

serve these Units. Copies of the relevant studies are

(HCY-2).

DOES SCE&G UTILIZE ANY COMPUTER PROGRAMS TO ASSIST IT

WITH CONDUCTING THESE TRANSMISSION STUDIES?

In order to execute these types of studies, Transmission Planning uses the

Power System Simulator for Engineering (PSSTME) developed by Siemens.

PSST_E is the premier software tool used by electric transmission participants

world-wide. The power flow analyses and advanced dynamics modeling

capabilities included in PSSTME provide a broad range of appropriate

9
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methodologies for use in the design and operation of reliable electric transmission

systems. PSSTME is the industry standard for electric transmission analysis and is

used in more than 115 countries. It is widely recognized as a leading commercial

transmission simulator and planning program.

HOW DID THE COMPANY ANALYZE THE INTERCONNECTION OF

UNIT 3?

To analyze the requirements for routing the power from Unit 3 to SCE&G's

transmission system, Transmission Planning used the PSSTME software that I have

previously described and performed analyses simulating three types of scenarios

where power generated from Unit 3 was added to the Company's system. These

simulations assumed that the Unit 2 generator was online and that the transmission

improvements associated with Unit 2, including the VCS1-Killian 230 kV Line

and the VCS2-Lake Murray 230 kV Line No. 2, were in service. In the Unit 3

analysis, SCE&G analyzed the projected load and system conditions for the

summer of 2018 and other future load conditions.

The first scenario simulated the transmission system operating under

normal conditions and assumed all transmission facilities to be available. The

second scenario simulated the operation of the system in the event of a single

facility outage of each transmission facility on the SCE&G system. The third

scenario simulated all possible combinations of events involving the loss of any

10
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Q.

A.

two facilities on SCE&G's transmission system.

necessary to demonstrate that the system can meet the NERC

Planning Standards and SCE&G's Long Range Planning Criteria.

These scenario simulations are

Transmission

We ran these

three simulations for all sets of alternatives considered. Those alternatives

included a base case, where we assumed that we made no upgrades to the system;

a second analysis where we evaluated making upgrades to existing lines and

facilities only; and a third analysis, where we evaluated adding new lines.

WHAT DID THE UNIT 3 ANALYSIS SHOW?

This analysis demonstrated that to reliably route SCE&G's portion of the

power from Unit 3 into SCE&G's transmission system it was necessary to build

two new 230 kV lines. Both of these lines would run from the new V.C. Summer

Switchyard #2 at the plant site to a new switching station to be built near the Town

of St. George in Dorchester County, which is about 55 miles northwest of

Charleston. These new lines and the new switching station will route power from

the V.C. Summer plant site to those parts of SCE&G's grid that serve the

Charleston area load center and other load centers in the South Carolina

Lowcountry. Moreover, with the addition of these two lines, the switching station,

and other transmission improvements, the V.C. Summer Unit 3 generator

interconnection to the SCE&G system will be compliant with NERC Reliability

Standards and SCE&G's Long Range Planning Criteria.

11
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IN DETERMINING TO BUILD THE VCS2-ST. GEORGE 230 kV LINES

NO. 1 AND NO. 2 AND THE ST. GEORGE 230 kV SWITCHING

STATION, WHAT ALTERNATIVES DID SCE&G CONSIDER?

SCE&G Transmission Planning considered several alternatives to provide

the improvements needed to accommodate the power from the new units. As

indicated above, the first part of the analysis, the base case, assumed no upgrades

to existing facilities and no additions of new- lines to connect Unit 3 to the system.

This simulation resulted in multiple overload and high load conditions. To

address these conditions, SCE&G evaluated upgrading existing transmission lines

running from the V.C. Summer plant site to the Columbia load center. This

analysis demonstrated that, despite these upgrades, the system would still

experience significantly overloaded lines and highly loaded lines. For that reason,

SCE&G determined that these alternatives were not an appropriate solution.

SCE&G then conducted analyses to determine the size and number of new lines

that would be required to route the power from Unit 3 to the system safely and

reliably. The results of those analyses demonstrated that two new 230 kV lines

were needed to connect the plant site to the load centers in the Charleston area and

Lowcountry.

12
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PLEASE DESCRIBE THE PROCESS BY WHICH SCE&G APPROACHED

SITING OF THE VCS2-ST. GEORGE 230 kV LINES NO. 1 AND NO. 2.

To support a timely application filing with the Nuclear Regulatory

Commission ("NRC") for a combined construction and operating license ("COL")

for V.C. Summer Units 2 and 3, SCE&G conducted siting studies in late 2007 and

2008 to identify potential routes for the VCS 1-Killian 230 kV Line and VCS2-St.

George 230 kV Lines No. 1 and No. 2. At the time of the siting studies, SCE&G

anticipated that the VCS2-Lake Murray 230 kV Line No. 2 would be constructed

within existing SCE&G rights-of-way for its entire length; consequently, SCE&G

did not include this line in the siting studies to determine a potential line route.

The objective of the siting studies was to identify potential routes for the VCS1-

Killian 230 kV Line and VCS2-St. George 230 kV Lines No. 1 and No. 2 through

relatively low-constraint areas, as determined by the application of data collection

and analysis methodologies inherent to SCE&G's formal, comprehensive

transmission line siting process. The development of potential routes allowed the

quantification of impacts to land use, environmental resources, cultural resources,

and scenic resources in the vicinity of each potential route. Additionally, impacts

were assessed and quantified along the planned existing right-of-way route of the

VCS2-Lake Murray 230 kV Line No. 2.

The siting studies and the quantification of impacts associated with both the

existing right-of-way route planned for the future VCS2-Lake Murray 230 kV

Line No. 2 and the potential routes for the other lines allowed SCE&G to provide

13
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potential transmission line impact data to the NRC to support preparation of the

Draft Environmental Impact Statement for V.C. Summer Units 2 and 3 in a timely

manner. Providing the data to the NRC complied with requirements of the

Environmental Policy Act that the Environmental Impact Statement for V.C.

Summer Units 2 and 3 include all impacts ("cumulative impacts") associated with

the proposed action, including associated transmission lines. SCE&G concluded

that land use, environmental, cultural, and scenic resource effects associated with

the final, precise line routes, once selected, would be very similar in magnitude to

the effects that were assessed for both the planned existing right-of-way route of

the VCS2-Lake Murray 230 kV Line No. 2 and the potential routes for the other

lines.

When the impact data associated with the planned route of VCS2-Lake

Murray 230 kV Line No. 2 and the potential routes for the other lines were

submitted to the NRC in August 2008, SCE&G anticipated conducting siting

studies according to its formal, comprehensive three phase siting process to select

final routes for the VCS1-Killian 230 kV Line and the VCS2-St. George 230 kV

Lines. SCE&G planned to replace the potential routes with the final routes and

quantify impacts associated with them on a schedule that would support their

licensing and construction on a timely basis relative to completion of VCSNS

Units 2 and 3.
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PLEASE DESCRIBE THE PROCESS BY WHICH SCE&G SELECTED

THE ROUTE FOR THE VCS2-ST. GEORGE 230 kV LINES NO. 1 AND

NO. 2.

In response to scheduling considerations and comments received from

several state and federal agencies indicating a strong preference for the use of

existing rights-of-way for the new lines, SCE&G began to investigate how the

Company could use its existing transmission line rights-of-way to the maximum

extent practicable for the four new SCE&G 230 kV lines associated with Units 2

and 3. The testing schedules and commercial operation dates for V.C. Summer

Units 2 and 3 depend on these lines being built and put into service on schedule.

The use of existing rights-of-way avoids the uncertainty as to environmental

permitting and right-of-way acquisition that would be associated with green field

routes.

The investigation of the feasibility of using existing rights-of-way for the

new lines focused both on the use of available, unoccupied portions of existing

rights-of-way and on the feasibility of redesigning, rebuilding, or relocating

existing lines within existing rights-of-way to provide space for the new lines. By

the third quarter of 2010, SCE&G determined that the VCS2-St. George 230 kV

Lines No. 1 and No. 2 could be built within existing rights-of-way.

15
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WHY IS THE SALUDA RIVER 230/115 kV TRANSMISSION

SUBSTATION NEEDED?

The northwestern portion of the Columbia metropolitan area, which is

bounded by Interstate 1-20, the Broad River and the Lexington/Newberry county

line, has a total peak load of approximately 500 MW. Currently, this load is

supported by Lake Murray 230/115 kV Substation with a 336 MVA, 230/115 kV

autotransformer. SCE&G plans to install a second 336 MVA, 230/115 kV

autotransformer at Lake Murray 230/115 kV Substation by May 2013.

In 2016, when V.C. Summer Unit #2 starts generating power for testing,

SCE&G's transmission planning studies indicate that there are several

contingencies, i.e., line outages or autotransformer outages or both, that result in

thermal violations, i.e., line or autotransformer overloads.

The Company's original plans for constructing the VCS2-St. George 230

kV Lines No. 1 and No. 2 along a green-field route did not support the

construction of a new 230/115 kV substation in the Lexington, Irmo and

Northwest Columbia area. However, when SCE&G decided to build the VCS2-St.

George 230 kV Lines No. 1 and No. 2 within existing rights-of-way, the possibility

of constructing the Saluda River 230/115 kV Substation materialized. In addition

to the new VCS2-St. George 230 kV Lines No. 1 and No. 2, several 115 kV lines

already pass through the Saluda River 230/115 kV Substation site, making this an

ideal location for a 230/115 kV transformer.
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After evaluating three alternatives, SCE&G concluded that the construction

of the Saluda River 230/115 kV Transmission Substation was the best option to

help distribute the additional planned nuclear generation.

WHAT WERE THE OTHER TWO ALTERNATIVES THAT SCE&G

CONSIDERED?

The first alternative considered was to construct a third 336 MVA

autotransfonner at both the Lake Murray and Denny Terrace 230/115 kV

Substations. The existing Lake Murray and Denny Terrace substation sites are not

large enough to accommodate a third autotransformer. As such, this alternative

would require the construction of a second 230/115 kV substation near each

existing site to accommodate the additional autotransformer at each location.

This alternative also would require installing a second 336 MVA autotransformer

at the Lyles 230/115 kV Substation and upgrading the conductor on three existing

115 kV lines.

The second alternative considered was to add a second autotransformer at

the Lyles 230/115 kV Substation and rebuild the Edenwood-Lake Murray 230 kV

Line.
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WHY IS CONSTRUCTION OF THE SALUDA RIVER 230/115 kV

TRANSMISSION SUBSTATION PREFERABLE TO THESE

ALTERNATIVES?

Construction of the Saluda River 230/115 kV Transmission Substation is

the least expensive of the three alternatives considered. Moreover, this alternative

strategically places a new 230/115 kV transmission substation between the Saluda

River Dam and the Columbia area and allows SCE&G to take advantage of one of

the VCS2-St George 230 kV Lines as the 230 kV power source for the new

substation. The chosen site is near the middle of the load center and, in addition to

serving SCE&G's customers in the area, can serve as a back-up source for several

neighboring substations.

WHAT IS THE ESTIMATED COST AND IN-SERVICE DATE OF THE

PROPOSED VCS2-ST. GEORGE 230 kV LINES NO. 1 AND NO. 2, THE

ST. GEORGE 230 kV SWITCHING STATION, AND THE SALUDA

RIVER 230/115 kV TRANSMISSION SUBSTATION?

The total cost of construction for the VCS2-St. George 230 kV Line No. 1

and No. 2, the St. George 230 kV Switching Station, and the Saluda River 230/115

kV Transmission Substation is approximately $215,000,000.

This cost estimate does not include the segment of the VCS2-St. George

230 kV Line No. 1 for which the Commission granted a Certificate of

Environmental Compatibility and Public Convenience and Necessity in Order No.

18
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2011-978. Moreover, cost estimates for fold-ins of 115 kV lines at the Saluda

River 230/115 kV Transmission Substation and cost estimates for other system

improvements related to the Saluda River 230/115 kV Substation and the St.

George 230 kV Switching Station are not included in the cost estimate above.

SCE&G estimates that the costs for other line fold-ins and/or other system

improvements related to these facilities to be approximately $12 million for the

Saluda River 230/115 kV Substation and $41 million for the St. George 230 kV

Switching Station.

The Saluda River 230/115 kV Transmission Substation is scheduled to be

in service by May 31, 2015. The VCS2-St. George 230 kV Line No. 1 and 2 and

the St. George 230 kV Switching Station are scheduled to be in service by May 1,

2017; however, an approximately 7-mile seg3nent of the VCS2-St. George 230 kV

Line No. 2 that will serve as the power source for the Saluda River 230/115 kV

Transmission Substation must be in service by May 31, 2015.

DO THE VCS2-ST. GEORGE 230 kV LINES NO. 1 AND NO. 2, THE ST.

GEORGE 230 kV SWITCHING STATION, AND THE SALUDA RIVER

230/115 kV TRANSMISSION SUBSTATION SERVE THE INTERESTS OF

SYSTEM ECONOMY AND RELIABILITY?

Yes.

reliability.

The proposed facilities serve the interests of system economy and

They represent the most cost-effective proposal in light of system
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needs and constraints and the best long-term solution for the safe and reliable

transmission of the additional electric power from V.C. Summer Units 2 and 3 to

SCE&G's customers.

IS THERE A REASONABLE ASSURANCE THAT THE VCS2-ST.

GEORGE 230 kV LINES NO. 1 AND NO. 2, THE ST. GEORGE 230 kV

SWITCHING STATION, AND

TRANSMISSION SUBSTATION

THE SALUDA RIVER 230/115 kV

WILL CONFORM TO APPLICABLE

STATE AND LOCAL LAWS AND REGULATIONS?

Yes. SCE&G currently operates all of its existing transmission facilities

within the applicable state and local laws and regulations, and we are committed to

operating the VCS2-St. George 230 kV Lines No. 1 and No. 2, the St. George 230

kV Switching Station, and the Saluda River 230/115 kV Transmission Substation

within applicable state and local laws and regulations as well.

DOES THE PUBLIC CONVENIENCE AND NECESSITY REQUIRE THE

CONSTRUCTION OF THE VCS2-ST. GEORGE 230 kV LINES NO. 1 AND

NO. 2, THE ST. GEORGE 230 kV SWITCHING STATION, AND THE

SALUDA RIVER 230/115 kV TRANSMISSION SUBSTATION?

Yes. The public convenience and necessity requires construction of the

VCS2-St. George 230 kV Lines No. 1 and No. 2, the St. George 230 kV Switching
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Station, and the Saluda River 230/115 kV Transmission Substation. These new

lines and associated facilities will allow SCE&G to transmit safe, reliable power

from V.C. Summer Units 2 and 3 to its customers throughout the state. The new

lines and associated facilities result in no significant short-term or long-term

environmental impacts and servethe interestsof system economy andreliability.

WHAT ARE YOU ASKING THIS COMMISSION TO DO?

SCE&G respectfully asks that the Commission issue a Certificate. of

Environmental Compatibility and Public Convenience and Necessity for the

construction and operation of the VCS2-St. George 230 kV Lines No. 1and No. 2,

the St. George 230 kV Switching Station, and the Saluda River 230/115 kV

Transmission Substation.

DOES THIS CONCLUDE YOUR DIRECT TESTIMONY?

Yes.
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Generator Interconnection Feasibility Study for
SCE&G V.C. Summer Nuclear #2

Generator Interconnection Feasibility Studies are intended to be preliminary studies to
aid the requestor in determining if the application should advanced to additional, more
detailed and more costly studies or be withdrawn. These additional studies include the
System Impact Study, Optional Upgrade Studies and the Facility Study. Interconnection
Feasibility Studies do not determine the final facilities and costs of interconnecting the
requested generator to the existing transmission system.

Qeneral Discussion

The SCE&G Nuclear Group has applied for interconnection of a new 1375 MVA nuclear
generator near the existing V.C. Summer site. This new generator would be jointly
owed by SCE&G and Santee Cooper, SCE&G would own 55% and Santee Cooper
would own the remaining 45%. In this study SCE&G simulated Santee Cooper's portion
of the generator being delivered to the Santee Cooper system.

SCE&G Transmission Planning is participating in a joint study with Santee Cooper and
other interconnected transmission providers to evaluate the effect of this generator and
other planned generators in the region. Results of this joint study, such as short circuit,
transient stability and power transfer capabilities, may affect the final recommendations
included in this report.

The format of the report is as follows:

I. Generator Information (provided by the SCE&G Nuclear Group)
II. Transmission Studies

A. Power Flow Analysis
B. Short Circuit Analysis

III. Preliminary Recommendations
IV. General Engineering Design
V. Cost Estimates
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I. Generator Information

The generator design consists of a single nuclear unit and one step-up transformer.
The generator unit will have a maximum gross MVA output capacity of 1,375 MVA and
a maximum net MW of 1,165 MW.

The generator design consists of the following information:
MVA - gross:
MW- net:
Power Factor:
Voltage:
Speed:
X'd-sat.: 0.465 PU;
X2-sat.: 0.320 PU;

1375
1165
between .90 and 1.05
22kV

1800 rpm
X"d-sat.: 0.325 PU
X0:0.237 PU

4



Exhibit No.

Page 5 of 96
__ (HCY-2)

II. Transmission Studies

A. Power Flow Analysis

For the proposed generator interconnection of the VC Summer #2 generator,
Transmission Planning performed analyses of:

1. Base case conditions (no outages) simulating normal conditions
2. N-1 conditions simulating single facility outages of each transmission facility on

the SCE&G system
3. Selected n-2 conditions simulating the loss of two facilities on the SCE&G

transmission system

This study is based on future projected conditions on the SCE&G transmission system,
simulating 2015 peak summer conditions and assumes that the following transmission
improvements will be made to SCE&G's Columbia area transmission system prior to
2015. These transmission improvements are currently scheduled and are needed for
other system needs:

1. Upgrade Lyles-william Street 115kV line
2. Upgrade Lyles-Denny Terrace 115kV line #1 and #2
3. Add a 2 "d Lake Murray 2301115kV auto transformer
4. Increase thermal rating on the Denny Terrace-Lyles 230kV line

Additionally, this study assumes that the following proposed transmission modifications
will be made by Santee Cooper to their transmission system as part of their
interconnection to the proposed generation. These transmission improvements were
provided by Santee Cooper:

1. Add a VCS-Winnsboro 230kV line with 230/69kV transformers at Winnsboro.
2. Add a Winnsboro-Richburg 230kV line with 230/69kV transformers at Richburg.
3. Add a Richburg-Flat Creek 230kV line

Run #1 - Iniection of the proposed 1,165 MW at VC Summer 230kV with no
affiliated transmission Improvements

For the initial analysis, 1,165 MW is injected at the VC Summer 230kV bus with no
affiliated modifications to the SCE&G transmission system. With the existing VC
Summer net generation of 966 MW and the Fairfield Pumped Storage net generation of
608 MW, the total net MW generation connected to the 230kV system in the vicinity of
the VC Summer site is 2,739 MW.

Base Case Conditions

There are no overloaded facilities in the base case (no outages). However, several
existing 230kV lines in the VC Summer area are highly loaded:
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• The VCS-Pineland 230kV line loads to 75% of its 475 MVA Normal Rating

• The VCS-Denny Terrace 230kV line loads to 68% of its 475 MVA Normal Rating
• The VCS-Blythewood (Santee Cooper) 230kV line loads to 58% of its 478 MVA

Normal Rating
• The VCS-Lake Murray 230kV line loads to 80% of its 704 MVA Normal Rating
• The Denny Terrace-Lyles 230kV line loads to 73% of its 475 MVA Normal Rating
• The Parr-Denny Terrace 230kV line loads to 66% of its 704 MVA Normal Rating.

N-1 C.,onditions
The n-1 analyses show the following overload conditions due to the additional
generation:

Overloaded Facility

Parr-VC Summer 230kV line #1

Parr-VC Summer 230kV line #2 636 103
510 109Denny Terrace-Lyles 230kV line

Emergency
Rating Overload
(MVA) (%)

636 103

Contingency

Parr-VC Summer 230kV line #2

Parr-VC Summer 230kV line #1

VC Summer-Lake Murray 230kV line

Selected N-2 Conditions
The n-2 analyses show the following overload conditions due to the additional
generation:

Overloaded Facility

Parr-Denny Terrace 230kV line

Parr-Denny Terrace 230kV line

Parr-Denny Terrace 230kV line

VC S,ummer Parr 230kV line

Emergency
Rating

(MVA)

755

755

755

636

Overload

(%)

111

110

104

135

Contingency(s)

VC Summer-Denny Terrace 230kV
line and VC Summer-Lake Murray
230kV line
VC Summer-Pineland 230kV line and

VC Summer-Lake Murray 230kV line

VC Summer-Pineland 230kV line and
VC Summer-Denny Terrace 230kV
line

Other VC Summer-Parr 230kV line
and VC Summer-Lake Murray 230kV
line

Other VC Summer-Parr 230kV line
and VC Summer-Denny Terrace
230kV lineVC Summer Parr 230kV line 636 123

Other VC Summer-Parr 230kV line
VC Summer Parr 230kV line 636 123 and VC Summer-Pineland 230kV line

VC Summer Parr 230kV line

VC Summer Parr 230kV line

VC Summer Parr 230kV line

Other VC Summer-Parr 230kV line

and VC Summer-Blythewood 230kV
line636 112

Other VC Summer-Parr 230kV line
and VC Summer-Winnsboro 230kV

636 110 line

Other VC Summer-Parr 230kV line
636 109 and VC Summer-Pomaria 230kV line
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Other VC Summer-Parr 230kV line
and VC Summer-Timberlake 230kV
lineVC Summer Parr 230kV line 636 108

Other VC Summer-Parr 230kV line
and one of various 230kV facilities in

VC Summer Parr 230kV line 636 104-107 Columbia area.
/

VC Summer-Lake Murray 230kV line
Lyles-William Street 115kV line 255 116 and Lyles-Edenwood 230kV line

Lyles 2301115kV auto transf 336

510

101

130VC Summer-Pineland 230kV line

Denny Terrace 230/115kV auto transf
#1 and Denny Terrace 2301115kV
auto transf #2

VC Summer-Pineland 230kV line 510 125

VC Summer-Denny Terrace 230kV
line and VC Summer-Lake Murray

VC Summer-Pineland 230kV line 510 115 230kV line

Parr-Denny Terrace 230kV line and
VC Summer-Pineland 230kV line 510 101 Wateree Generator or GSU

Parr-Denny Terrace 230kV line and
VC Summer-Pineland 230kV line 510 101 Wateree-Huron 230kV line

VC Summer-Denny Terrace 230kV
line 510 132

VC Summer-Denny Terrace 230kV
line 510 125

VC Summer-Denny Terrace 230kV
line 510 112

VC Summer-Lake Murray 230kV line 755 111

VC Summer-Lake Murray 230kV line 755 111

755

510

336

VC Summer-Lake Murray 230kV line

Denny Terrace-Lyles 230kV line

Denny Terrace 230/115kV auto transf
#1

101

105-130

133

126
Denny Terrace 2301115kV auto transf
#1 336

Denny Terrace230/115kVautotransf
#1 336 111

Denny Terrace 2301115kV autotransf
#1 336 107

Parr-Denny Terrace 230kV line and
VC Summer-Lake Murray 230kV line

Parr-Denny Terrace 230kV line and
VC Summer-Denny Terrace 230kV
line

Parr-Denny Terrace 230kV line and
VC Summer-Lake Murray 230kV line

Parr-Denny Terrace 230kV line and
VC Summer-Pineland 230kV line

VC-Pineland 230kV line and VC

Summer-Lake Murray 230kV line

Parr-Denny Terrace 230kV line and
VC Summer-Denny Terrace 230kV
line

Parr-Denny Terrace 230kV line and
VC Summer-Pineland 230kV line

VC Summer-Denny Terrace 230kV
line and VC Summer-Pineland 230kV
line

VC Summer-Lake Murray 230kV line
and one of various 230kV facilities in
Columbia area.

Denny Terrace 2301115kV auto transf
#2 and Denny Terrace-Lyles 230kV
line

VC Summer-Lake Murray 230kV line
and Denny Terrace-Lyles 230kV line

Lyles 2301115kV auto transf and
Denny Terrace 230/115kV auto transf
#2

VC Summer-Lake Murray 230kV line
and Denny Terrace 2301115kV auto
transf #2
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Denny Terrace 230II15kV auto transf
#2

Denny Terrace 230/115kV auto transf
#2

Denny Terrace 230/115kV auto transf
#2

Denny Terrace 230/115kV auto transf
#2

Lake Murray 230/115kV auto transf
#1

Lake Murray 230/115kV auto transf
#2

Lake Murray-Saluda 115kV line

Saluda-McMeekin 115kV line

Saluda-Whitehall 115kV line section

336

336

336

336

336

336

255

255

166

132

124

110

106

119

119

111

113

105

Denny Terrace 2301115kV auto transf
#1 and Denny Terrace-Lyles 230kV
line

VC Summer-Lake Murray 230kV line

and Denny Terrac,e-Lyles 230kV line

Lyles 230/115kV auto transf and
Denny Terrace 2301115kV auto transf
#1

VC Summer-Lake Murray 230kV line
and Denny Terrace 2301115kV auto
transf #1

Lake Murray-Edenwood 230kV line
and Lake Murray 230/115kV auto
transf #2

Lake Murray-Edenwood 230kV line
and Lake Murray 230/115kV auto
transf #1

Bush River-Parr 230kV line and
Saluda-McMeeldn 115kV line

Bush River-Parr 230kV line and Lake

Murra¥-Saluda 115kV line

Lyles-William Street 115kV line and
Colt-Vista South 115kV line

Run #2 - Rebuild Overloaded or hiahly loaded lower cal)acity lines

For Run #2, the following transmission modifications are made as a result of overloaded
facilities that were identified in the Run #1 n-1 analyses:

1. Upgrade the Parr-VC Summer 230kV line #1 to B1272 conductor
2. Upgrade the Parr-VC Summer 230kV line #2 to B1272 conductor
3. Upgrade the Denny Terrace-Lyles 230kV line to B1272 conductor

Also, the Run #1 n-2 analyses showed that each of the four major transmission lines
leaving the VC Summer area to the Columbia load center overload for the loss of
various and paired combinations of the other three lines. We first addressed this by
considering if upgrading the two lines with the lowest existing capacity is adequate:

5. Upgrade the VC Summer-Pineland 230kV line to B1272 conductor
6. Upgrade the VC Summer-Denny Terrace 230kV line to B1272 conductor

Base Case Conditions
There are no overloaded facilities in the Run #2 base case (no outages).

N-1 Conditions,
There are no overloaded facilities in the Run #2 n-1 analyses due to the additional
generation.

Selected N-2 Conditions
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The Run #2 n-2 analyses show the following ovedoad conditions due to the additional
generation:

Overloaded Facility

Parr-Denny Terrace 230kV line

Lyles-Williams Street 115kV line

Lyies-Williams Street 115kV line

Emergency
Rating
(MVA)

755

255

255

Overload

(%),

106

121

101

Contingency(s)

VC Summer-Denny Terrace
230kV line and VC Summer-
Pineland 230kV line
VC Summer-Lake Murray
230kV line and Lyles-Edenwood
230kV line
VC Summer-Lake Murray
230kV line and Denny Terrace-
Lyles 230W line
VC Summer-Lake Murray
230kV line and Lyles-Edenwood
230kV lineLyles 2301115kV auto transf 336 109

Denny Terrace 2301115kV auto
transf#1 and Denny Terrace

Lyles 2301115kV auto transf 336 110 2301115kV auto transf #2

Parr-Denny Terrace 230kV line
VC Summer-Lake Murray 230kV and VC Summer-Denny Terrace
line 755 100 230kV line

Denny Terrace 2301115kV auto
transf #1 336 142

Denny Terrace 230/115kV auto
transf #1 336 131

115
Denny Terrace 230/115kV auto
transf #1 336

Denny Terrace 2301115kV auto
transf #1 336 101

Denny Terrace 230/115kV auto
transf #2 336 141

Denny Terrace 2301115kV auto
transf #2 336 129

Denny Terrace 2301115kV auto
transf #2 336 114

Denny Terrace 230/115kV auto
transf #2 336 105

Lake Murray 230/115kV auto
transf #1 336 119

Lake Murray 230/115kV auto
transf #2 336 119

9

Denny Terrace 2301115kV auto
transf #2 and Denny Terrace-

Lyles 230kV line
VC Summer-Lake Murray
230kV line and Denny Terrace-
Lyles 230kV line

Lyles 230/115kV auto transf and
Denny Terrace 230/115kV auto
transf #2

Denny Terrace-Lyles 230kV line
and loss of one of three 115kV
lines in the Pineland area

Denny Terrace 2301115kV auto
transf #1 and Denny Terrace-
Lyles 230kV line
VC Summer-Lake Murray
230kV line and Denny Terrace-
Lyles 230kV line

Lyles 2301115kV auto transf and
Denny Terrace 2301115kV auto
transf #1

VC Summer-Lake Murray
230kV line and Denny Terrace
230/115kV auto transf #1

Lake Murray-Edenwood 230kV
line and Lake Murray
2301115kV auto transf #2

Lake Murray-Edenwood 230kV
line and Lake Murray
2301115kV auto 11ansf#1
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Lake Murray-Saluda 115kV line

Saluda-McMeekin 115kV line

255

255

110

111

Bush River-Parr 230kV line and
Saluda-McMeekin 115kV line

Bush River-Parr 230kV line and

Lake Murray-Saluda 115kV line

Run #3 - Rebuild Remaining two lines servin 9 the Columbia load center

In Run #2, the Parr-Denny Terrace 230kV line and VC Summer-Lake Murray 230kV line
both overload for n-2 contingencies in the Columbia area. The analyses in Run #2
show that both of these lines will require upgrading. Also, the overloading of the
upgraded Parr-Denny Terrace 230kV line shows that a second Parr-Denny Terrace
230kV circuit is needed. In Run #3 the alternative of constructing a Parr-Denny Terrace
230kV line #2 with B1272 conductor and leaving the existing #1 line as 1272 conductor
is evaluated. In addition, in Run #3 a 3rdLake Murray 230/115kV auto transformer is
added.

For Run #3, the following transmission modifications are made:

1. Upgrade the Parr-VC Summer 230kV line #1 to B1272 conductor.
2. Upgrade the Parr-VC Summer 230kV line #2 to B1272 conductor.
3. Add a new Denny Terrace-Lyles #2 230kV line (B1272)
4. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray.

5. Upgrade the VC Summer-Pineland 230kV line to B1272 conductor.
6. Upgrade the VC Summer-Denny Terrace 230kV line to B1272 conductor.
7. Upgrade the Parr-Denny Terrace 230kV line to B1272
8. Upgrade the VC Summer-Lake Murray 230kV line to B1272

Base Case Conditions
There are no overloaded facilities in the Run #3 base case (no outages).

.N-1 Conditions
There are no overloaded facilities in the Run #3 n-1 analyses due to the additional

generation.

Selected N-2 Conditions
The Run #3 n-2 analyses show the following overload conditions due to the additional
generation:

Overloaded Facility

Lyles-Williams Street 115kV line

Lyles 230/115kV auto transf

Emergency
Rating
(MVA)

255

336

Overload

(%)

123

114

Contingency(s)

VC Summer-Lake Murray
230kV line and Lyles-Edenwood
230kV line
VC Summer-Lake Murray
230kV line and Lyles-Edenwood
230kV line

]0
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Lyles 230/115kV auto transf

Denny Terrace-Lyles 230kV #1
line

Denny Terrace 230/115kV auto
transf #1

Denny Terrace 2301115kV auto
transf #1

Denny Terrace 2301115kV auto
transf #2

Denny Terrace 2301115kV auto
transf #2

Lake Murray-Saluda 115kV line

Lake Murray-Saluda 115kV line

Lake Murray-Saluda 115kV line

Saluda-McMeeldn 115kV !ine

336

510

336

336

336

336

255

255

255

110

119

111

103

110

102

Denny Terrace 2301115kV auto
transf#1 and Denny Terrace
2301115kV auto transf #2

Denny Terrace-Lyles 230kV #2
line and VC Summer-Denny
Terrace 230kV line

Lyles 2301115kV auto transf and
Denny Terrace 2301115kV auto
transf #2

VC Summer-Lake Murray
230kV line and Denny Terrace
230/115kV auto transf #2

Lyles 2301115kV auto transf and
Denny Terrace 2301115kV auto
transf #1

VC Summer-Lake Murray
230kV line and Denny Terrace
230/115kV auto transf #1
Bush River-Parr 230kV line and

117 Saluda-McMeeldn 115kV line
Lyles-Williams St 115kV line
and Saluda-McMeekin 115kV

105 line

101

Lake Murray-Edenwood 230kV
line and Saluda-McMeekin
115kV line

Lake Murray-Saluda 115kV line
255 118 and Bush River-Parr 230kV line

Lake Murray-Saluda 115kV line
and Lyles-William Street 115kV

Saluda-McMeekin 115kV line 255 106 line
Lake Murray-Saluda 115kV line
and Lake Murray-Edenwood

Saluda-McMeeldn 115kV line 255 102 230kV line

Run #4 - Add two new lines serving the Columbia load center

Run #3 shows that upgrading all four 230kV lines from the VC Summer area to the
Columbia Area load center along with several other transmission improvements is
required to accommodate the additional VC Summer generation. However, upgrading
these lines to B1272 will require the removal of the existing facilities resulting in the loss
of the transmission capacity associated with these existing lines. Removal of these
facilities and replacing them with new construction has the net effect of receiving only
50% of the capability of the new transmission improvements. Doing this even though
there is significant capability and life remaining in the existing lines is not a cost effective
practice.

In Run #4 we will evaluate adding a new VC Summer-Killian 230kV line and a new VC
Summer-Lake Murray 230kV line.

]]
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Also, for Run #4 only one 230kV B1272 circuit between Lyles and Denny Terrace is
considered.

For Run #4, the following transmission modifications are made:

1. Upgrade the Parr-VC Summer 230kV line #1 to B1272 conductor.
2. Upgrade the Parr-VC Summer 230kV line #2 to B1272 conductor.
3. Upgrade the Denny Terrace-Lyles 230kV line to B1272 conductor.
4. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray.
5. Add a VC Summer-Killian 230kV line with B1272 conductor
6. Add a VC Summer-Lake Murray 230kV #2 line with B1272 conductor

Base Case Conditions
There are no overloaded facilities in the Run #4 base case (no outages).

N-1 Conditions
The Run #4 n-1 analyses show the following ovedoad conditions due to the additional

generation:

Overloaded Facility

Saluda-McMeekin 115kV line

Emergency
Rating
(MVA)

255

Overload Contingency
(%)
105 Lake Murray-Saluda 115kV line

N-2 Conditions
The n-2 analyses show the following overload conditions due to the additional

generation:

Overloaded Facility

Denny Terrace 230/115kV auto
transf #1

Denny Terrace 2301115kV auto
transf #2

Lake Murray-Saluda 115kV line

Lake Murray-McMeekin 115kV
line

Saluda-McMeeldn 115kV line

Emergency
Rating
(MVA)

336

336

255

255

255

Overload

(%)

115

114

106-126

104-111

101-127

Contingency(s)

Denny Terrace 230/115kV auto
transf #2 and Denny Terrace-

Lyles 230kV line

Denny Terrace 2301115kV auto
transf #1 and Denny Terrace-
Lyles 230kV line
Saluda-McMeeldn 115kV line or

Lake Murray-McMeekin 115kV
line and one of various other
Columbia Area transmission
facilities
Lake Murray-Saluda 115kV line
or Saluda McMeekin 115kV line
and one of various o_er
Columbia Area transmission
facilities

Lake Murray-Saluda 115kV line
or Lake Murray-McMeekin
115kV line and one of various
other Columbia Area
transmission facilities

]2
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Run #5 - Add the two new lines servin,q th,e Columbia load center and additional
transmission Improvements

In Run #4, the loss of the Denny Terrace-Lyles 230kV line and one of the Denny
Terrace 2301115kV auto transformers results in the remaining Denny Terrace
230/115kV auto transformer overloading. Adding a 3 rdDenny Terrace 2301115kV auto

transformer will correct this problem.

Also, upgrading the Lake Murray-Saluda 115kV line, the Lake Murray-McMeekin 115kV
line and the Saluda-McMeekin 115kV line to B1272 conductor will eliminate the
overloads on those lines.

For Run #5, the following transmission modifications are made:

1. Upgrade the Parr-VC Summer 230kV line #1 to B1272
2. Upgrade the Parr-VC Summer230kV line #2 to B1272
3. Upgrade the Denny Terrace-Lyles 230kV line to B1272
4. Add a 3 'd 2301115kV 336 MVA auto transformer at Lake Murray
5. Add a 3rd230/115kV 336 MVA auto transformer at Denny Terrace
6. Add a VC Summer-Killian 230kV line with B1272
7. Add a VC Summer-Lake Murray 230kV line #2 with B1272
8. Upgrade the existing Saluda-McMeekin 115kV line with B1272
9. Upgrade the existing Lake Murray-McMeekin 115kV line with B1272
10. Upgrade the existing Lake Murray-Saluda 115kV line with B1272

Base Case Conditions
There are no overloaded facilities in the Run #5 base case (no outages).

N-1 Conditions
There are no overloaded facilities in the Run #5 n-1 analyses due to the additional

generation.

Selected N-2 Conditions
There are no overloaded facilities in the Run #5 n-2 analyses due to the additional

generation.

]3
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B. Short Circuit Analysis

An initial review of the effect of the increased fault current in the VC Summer area due

to the new generation and the required transmission facilities indicates that sixteen
230kV breakers (eleven at VC Summer and five at Parr) are projected to be
overstressed. Additionally, nine 115kV breakers in the Columbia area are projected to
become overstressed. Each of these overstressed breakers will need to be replaced
with a higher capacity breaker.

14
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III. Preliminary Recommendations

Proposed Transmission Improvements

The analyses performed in this study show that constructing two new 230kV lines from
the proposed VCS #2 generator to the Columbia Area load center, plus additional
transmission improvements described below, are required to reliably transmit the 1,165
MW of the proposed VC Summer #2 generator from of the VC Summer area to the
remainder of the SCE&G system. Also, the analyses show that constructing two new
230kV lines is less costly and more effective than upgrading the numerous exisUng
230kV transmission facilities that currently transmit power from the VC Summer area.

The required transmission projects are:

1. Construct a new VC Summer-Killian 230kV line with B1272 conductor

• (add 230kV terminal at Killian)
2. Construct a new VC Summer-Lake Murray 230kV line with B1272 conductor

• (add 230kV terminal at Lake Murray)
3. Construct a new VC Summer-VC Summer (existing) Bus #2 230kV line with

B1272 conductor

• (add 230kV terminal at existing VC Summer Bus #2)
4. Construct a new VC Summer-VC Summer (existing) Bus #3 230kV line with

B1272 conductor

• (add 230kV terminal at existing VC Summer Bus #3)
5. Upgrade the existing Denny Terrace-Lyles 230kV line to B1272
6. Upgrade the existing Parr-VC Summer #1 230kV line to B1272
7. Upgrade the existing Parr-VC Summer#2 230kV line to B1272
8. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray
9. Add a 3rd 230/115kV 336 MVA auto transformer at Denny Terrace
10. Upgrade the existing Saluda-McMeekin 115kV line to B1272
11. Upgrade the existing Lake Murray-McMeekin 115kV line to B1272
12. Upgrade the existing Lake Murray-Saluda 115kV to with B1272

Construct a new 230kV generator substation at the proposed site using a breaker-and-

a-half design with seven 230kV terminals.

1. One - for the generator step up transformer
2. One - for station service
3. One - for the new 230kV line to the existing V. C. Summer 230kV bus #2
4. One - for the new 230kV line to the existing V. C.Summer 230kV bus #3
5. One - for the new 230kV line to Lake Murray
6. One - for the new 230kV line to Killian
7. One - for the new 230kV line to Santee Cooper

A total of eleven 230kV breakers are needed at the new generator substation for this

design.

]5
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To resolve overstressed conditions of several 230kV and 115kV breakers as described
in the Short Circuit Analysis section, Transmission Planning recommends repladng the
following breakers with higher interrupting capability breakers:

Location VoltaBe Breaker #
VC Summer 230 8722

VC Summer 230 8732
VC Summer 230 8742
VC Summer 230 8772
VC Summer 230 8792
VC Summer 230 8832
VC Summer 230 8842
VC Summer 230 8852

VC Summer 230 8892
VC Summer 230 8912

VC Summer 230 8942

Parr 230 6402
Parr 230 6412
Parr 230 6422
Parr 230 6432

Parr 230 6442

Saluda Hydro 115 562
McMeeldn 115 1051
McMeekin 115 2051

Edenwood 115 2712
Edenwood 115 3672

Edenwood 115 3682

Denny Terrace 115 8032
Denny Terrace 115 8042

Denny Terrace 115 8092

]6
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IV. General ErmineerinD Design

Sinale Line Diaaram
Red - New installations
Blue- Existing facilities
Green - Upgraded facilities

to Ward
VCS#1

to Smatee

VCS#2

Lake Murray
Denny

Phaeland

to Wateree

II Edenwood

Lyles
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Substation Single Line

VCS| bus #2
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Nuclear#?

I spare
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VCSI bus #3
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_.._f

Nuclear#_

I:ake Murray' #2 Killian

Station
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V. Cost Estimates

All cost estimates are in 2014 dollars.

1. Construct VC Summer-Killian 230kV ................................................ $25,000,000
• (add 230kV terminal at Killian) .............................................. 1,100,000

2. Construct VC Summer-Lake Murray 230kV ........................................ 17,000,000
• (add 230kV terminal at Lake Murray) ................................... 1,100,000

3. Construct new VC Summer-VC Summer (existing) Bus #2 V ................. 600,000
• (add 230kV terminal at existing VC Summer Bus #2) ........... 1,100,000

4. Construct new VC Summer-VC Summer (existing) Bus #3 ..................... 600,000
• (add 230kV terminal at existing VC Summer Bus #3) .......... _!,100,000

5. Upgrade existing Denny Terrace-Lyles 230kV .................................... _1,500,000
6. Upgrade existing Parr-VC Summer #1 230kV ...................................... 1,400,000
7. Upgrade existing Parr-VC Summer #2 230kV ...................................... 1,400,000
8. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray ........ 5,000,000
9. Add a 3rd 2301115kV 336 MVA auto transformer at Denny Terrace .... 8,000,000

10. Upgrade existing Saluda-McMeekin 115kV line ...................................... 125,000
11. Upgrade existing Lake Murray-McMeekin 115kV line .............................. 500,000
12. Upgrade existing Lake Murray-Saluda 115kV ......................................... 450,000

Construct a new 230kV generator substation at the proposed site
using a breaker-and-a-half design with seven 230kV terminals .............. 12,950,000

Replace overstressed
1. 230kV breakers- 16 ............................................................................. 3,200,000
2. 115kV breakers - 9 ............................................................................... 1,350,000

Total Cost Estimate ................................................................................... $83,476,000

]9



Exhibit No.

Page 20 of 96

__ (HCY-2)

A SCANA COMPANY

Generator Interconnection Feasibility Study
For

SCE&G V.C. Summer Nuclear #3
Version #2

Prepared for:

SCE&G Nuclear Group

December 18, 2006

Prepared by:
SCE&G Transmission Planning



Exhibit No. __ (HCY-2)
Page 21 of 96

TABLE OF CONTENTS

General Discussion ........................................................................ Page 3

I. Generator Information ............................................................... Page 4

II. Transmission Studies

a. Power Flow Analysis ..................................................... Page 5

b. Short Circuit Analysis .................................................. Page 12

Ill. Preliminary Recommendations ............................................... Page 14

IV. General Engineering Design .................................................. Page 16

V. Cost Estimates ..................................................................... Page 18



Exhibit No. (HCY-2)

Page 22 of 96

Generator Interconnection Feasibility Study for

SCE&G V.C. Summer Nuclear #2

Generator Interconnection Feasibility Studies are intended to be preliminary studies to
aid the requestor in determining if the application should advanced to additional more
detailed and more costly studies or be withdrawn. These additional studies include the
System Impact Study, Optional Upgrade Studies and the Facility Study. Interconnection
Feasibility Studies do not determine the final facilities and costs of interconnecting the
requested generator to the existing transmission system.

General Discussion

SCE&G Transmission Planning conducted an initial Generator Interconnection

Feasibility Study for V.C. Summer #3 (report dated October 3, 2006) assuming
SCE&G would own the entire power output of this uniL Subsequent to releasing
the initial report, Transmission Planning was informed that Santee Cooper will
own 45 % of the V.C. Summer#3 unit, also. This report presents the results of a

study including this information.

The SCE&G Nuclear Group has applied for interconnection of a new 1375 MVA nuclear
generator near the existing V.C. Summer site. This new generator would be the third
nuclear unit at the V.C. Summer site. This new generator would be jointly owned by
SCE&G and Santee Cooper, SCE&G would own 55% and Santee Cooper would own
the remaining 45%. In this study SCE&G simulated Santee Cooper's portion of the
generator being delivered to the Santee Cooper system.

This study assumes the V.C. Summer #2 unit is complete and all associated
transmission as described in the Generator Interconnection Feasibility Study report for

V.C. Summer #2 is in-place.

The format of the report is as follows:

I. Generator Information (provided by the SCE&G Nuclear Group)
II. Transmission Studies

A. Power Flow Analysis
B. Short Circuit Analysis

II1. Preliminary Recommendations
IV. General Engineering Design
V. Cost Estimates
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I. Generator Information

The generator design consists of a single nuclear unit and one step-up transformer.
The generator unit will have a maximum gross MVA output capacity of 1,375 MVA and
a maximum net MW of 1,165 MW.

The generator design consists of the following information:
MVA - gross:
MW- net:
Power Factor:

Voltage:
Speed:
X'd-sat.: 0.465 PU;
X2-sat.: 0.320 PU;

1375
1165
between .90 and 1.05
22kV

1800 rpm
X"d-sat.: 0.325 PU
X0:0.237 PU
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II. Transmission Studies

A. Power Flow Analysis

For the proposed generator interconnection of the VC Summer #3 generator,
Transmission Planning performed analyses of:

1. Base case conditions (no outages) simulating normal conditions
2. N-1 conditions simulating single facility outages of each transmission facility on

the SCE&G system
3. Selected n-2 conditions simulating the loss of two facilities on the SCE&G

transmission system

This study is based on future projected conditions on the SCE&G transmission system,
simulating 2016 peak summer conditions and assumes that the following transmission
improvements will be made to SCE&G's Columbia and Charleston area transmission
system prior to 2016. These transmission improvements are currently scheduled and
are needed for other system needs:

1. Upgrade Lyles-William Street 115kV line
2. Upgrade William Street-Coit 115kV line
3. Upgrade Lyles-Denny Terrace 115kV line #1 and #2
4. Add a 2n_ Lake Murray 230/115kV auto transformer
5. Increase thermal rating on the Denny Terrace-Lyles 230kV line
6. Upgrade Canadys-Church Creek 230kV line
7. Add a Canadys-Pepperhill 230kV line (double circuit with Canady-Church Creek

230kV Upgrade)

As mentioned earlier, this study assumes the V.C. Summer #2 unit is complete and
operating and the following associated transmission projects are complete and in-
service:

1. VC Summer-Killian 230kV line

2. VC Summer-Lake Murray 230kV line
3. VC Summer (new)-VC Summer (existing) Bus #2 230kV line
4. VC Summer (new)-VC Summer (existing) Bus #3 230kV line
5. Upgrade the existing Denny Terrace-Lyles 230kV line
6. Upgrade the existing Parr-VC Summer #1 230kV line
7. Upgrade the existing Parr-VC Summer #2 230kV line
8. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray
9. Add a 3rd 230/115kV 336 MVA auto transformer at Denny Terrace
10. Upgrade the existing Saluda-McMeekin 115kV line
11. Upgrade the existing Lake Murray-McMeekin 115kV line
12. Upgrade the existing Lake Murray-Saluda 115kV line

Additionally, this study assumes that the following proposed transmission modifications
will be made by Santee Cooper to their transmission system as part of their
interconnection to the V.C. Summer #2 generator. These transmission improvements
were provided by Santee Cooper:

5
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1. Add a VCS-Winnsboro 230kV line with 230/69kV transformers at Winnsboro.
2. Add a Winnsboro-Richburg 230kV line with 230/69kV transformers at Richburg.
3. Add a Richburg-Flat Creek 230kV line

Furthermore, this study assumes that the following proposed transmission modifications
will be made by Santee Cooper to their transmission system as part of their
interconnection to the V.C. Summer #3 generator. These transmission improvements
were provided by Santee Cooper:

1. Add a VCS-Sandy Run 230kV line with a 230/115kV transformer at Sandy Run
2. Add a Sandy Run-Orangeburg 230kV line with a 2301115kV transformer at

Orangeburg
3. Add an Orangeburg-St. George 230kV line with a 230/115kV transformer at St.

George.
4. Add a St. George-Varnville 230kV line

Run #1 - Injection of the proposed 1,165 MW at the new VC Summer 230kV with
no affiliated transmission improvements

For the initial analysis, an additional 1,165 MW is injected at the new VC Summer
230kV bus with no affiliated modifications to the SCE&G transmission system. With the

existing VC Summer net generation of 966 MW, the Fairfield Pumped Storage net
generation of 608 MW, the proposed VC Summer #2 net generation of 1,165 and the
new proposed VC Summer #3 net generation of 1,165, the total net MW generation
connected to the 230kV system in the vicinity of the VC Summer site is 3,904 MW.

Base Case Conditions
There are no overloaded facilities in the base case (no outages). However, several

existing 230kV lines in the VC Summer area are loaded above 50% of their Normal
Rating:

• The VCS#1 bus #1-Pineland 230kV line loads to 58% of its 475 MVA Normal

Rating
• The VCS#1 bus #1-Denny Terrace 230kV line loads to 56% of its 475 MVA

Normal Rating
• The VCS#1 bus #1-Blythewood (Santee Cooper) 230kV line loads to 77% of its

478 MVA Normal Rating
• The VCS#1 bus #3-Lake Murray 230kV line loads to 52% of its 704 MVA Normal

Rating
• The VCS#1 bus #3-VCS New 230kV line loads to 53% of its 950 MVA Normal

Rating
• The VCS#1 bus #2-VCS New 230kV line loads to 53% of its 950 MVA Normal

Rating
• The Parr-Denny Terrace 230kV line loads to 64% of its 704 MVA Normal Rating
• The Parr-Bush River (Duke) 230kV line loads to 52% of its 456 MVA Normal

Rating



Exhibit No.

Page 26 of 96

__ (HCY-2)

• The Lake Murray-Edenwood 230kV line loads to 59% of its 475 MVA Normal
Rating

N-1 Conditions
The n-1 analyses show the following overload conditions due to the additional
generation:

Rating Loading
Overloaded Facility (MVA) (%)
Saluda-White Rock 115kV line 95 111

Contingency
Parr-Bush River (Duke) 230kV line

Selected N-2 Conditions
The n-2 analyses show the following overload conditions due to the additional
generation:

Rating Loading

Overloaded Facility (MVA) (%)

Lake Murray 2301115kV auto
transformer #1

Lake Murray 230/115kV auto
transformer #2

Lake Murray 2301115kV auto
transformer #3

VC Summer #1 bus #3-VC Summer
New 230kV line

VC Summer #1 bus #2-VC Summer
New 230kV line

Saluda-Georgia Pacific 115kV line

336 110

336 110

336 110

100-
1020 135

1020

95

100-
135

108

Saluda-White Rock 115kV line 95 133

Saluda-White Rock 115kV line 95 114

Saluda-White Rock 115kV line 95 121

Saluda-White Rock 115kV line 95 117

Saluda-White Rock 115kV line 95 115

Contingency(s)

Lake Murray 2301115kV auto
transformer #2 and Lake Murray
230/115kV auto transformer #3

Lake Murray 2301115kV auto
transformer #1 and Lake Murray
2301115kV auto transformer #3

Lake Murray 230/115kV auto
transformer #1 and Lake Murray
230/115kV auto transformer #2
VC Summer #1 bus #2-VC
Summer New 230kV line and
various other Columbia Area 230
and 115kV lines
VC Summer #1 bus #3-VC
Summer New 230kV line and
various other Columbia Area 230
and 115kV lines

Parr-Bush River (Duke) 230kV line
and Saluda-White Rock 115kV line

Parr-Bush River (Duke) 230kV line
and Saluda-Georgia Pacific 115kV
line

Parr-Bush River (Duke) 230kV line
and VC Summer-Pomaria (Santee)
230kV line
Parr-Bush River (Duke) 230kV line
and Parr-Newport (Duke) 230kV
line

Parr-Bush River (Duke) 230kV line
and VC Summer-Blythewood
(Santee) 230kV line

Parr-Bush River (Duke) 230kV line
and VC Summer-Ward 230kV line
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Saluda-WhiteRock 115kV line

Saluda-White Rock 115kV line

Saluda-White Rock 115kV line

95

95

117

116

111-
114

Parr-Bush River (Duke) 230kV line
and Wateree-Sumter (Progress)
230kV line

Parr-Bush River (Duke) 230kV line
and VC Summer-Winnsboro

(Santee) 230kV line

Parr-Bush River (Duke) 230kV line
and one of several other lines in
the Columbia Area

The n-2 analyses show the following highly loaded conditions due to the additional

generation:

Highly Loaded Facility

Lyles-Edenwood 230kV line

VC Summer #1 bus #1-Denny
Terrace 230kV line

Rating Loading

(MVA) (%)

510 80

510 85

VC Summer #1 bus #1-Blythewood
(Santee Cooper) 230kV line 550 91

VC Summer #1 bus #1-Pineland
230kV line 510 89

VC Summer #1 bus #3-Lake Murray
230kV line 755 90

VC Summer New-Lake Murray
230kVline 1020 92

Wateree-Sumter(Progress)230kV
line 500 85

Contingency(s)

VC Summer #1 bus #3-Lake
Murray 230kV line and VC Summer
New-Lake Murray 230kV line

Parr-Denny Terrace 230kV line and
VC Summer #1 bus #1-Pineland
230kV line

Wateree-Sumter (Progress) 230kV
line and VC Summer-Winnsboro

(Santee Cooper) 230kV line

Parr-Denny Terrace 230kV line and
VC Summer new-Killian 230kV line

Parr-Denny Terrace 230kV line and
VC Summer New-Lake Murray
230kV line
VC Summer #1 bus #3-VC
Summer New 230kV line and VC
Summer #1 bus #2-VC Summer
New 230kV line

Wateree-Orangeburg 230kV line
and Wateree-Summerville 230kV
line

Run #2 - Create new paths from VC Summer to Charleston Load Center

In Run #1, four of the six major 230kV lines from the VC Summer Area to the Columbia

Load Center are highly loaded for an outage of two of the four remaining lines.

Upgrades would be needed on at least two of the four lines to address these overloads
or additional new 230kV lines from the VC Summer Area to the Columbia Load Center

would be needed.

Also in Run #1, the two 230kV lines leaving the VC Summer New 230kV substation to

the existing VC Summer Substation, each overload for the outage of the other. To
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address this, we will evaluate adding a 3 rd 230kV line from VC Summer New 230kV
substation to the existing VC Summer Substation bus #1 with B1272 conductor.

We also have two major 230kV tie lines that are highly loaded. The 230kV lines are the
Wateree-Sumter (Progress) 230kV line (a transmission tie with Progress Energy) and
the VC Summer #1-Blythewood (Santee Cooper) 230kV line (a transmission tie with
Santee Cooper). The high loading on these two lines shows that the generation is
trying to leave the Columbia area or, in other words, the generation in the Columbia
area needs another path to a major load center.

In Transmission Planning's 2016 system model, the Columbia area has a projected load
of 2,110 MW. In that same year, including the VC Summer #3 1,165 MW generator,
there is a total of 5,772 MW of generation located in the Columbia area with 3,793 MW
owned by SCE&G and the remainder owned by Santee Cooper (their ownership portion
of VC Summer #1, #2 and #3) and the Columbia Energy Center. Just in the VC
Summer area, there is a total of 3,904 MW of generation with 2,534 MW belonging to
SCE&G.

In Transmission Planning's 2016 system model, the Charleston area has a projected
load of 1,960 MW. However, there is only 857 MW of SCE&G generation located in the
Charleston area.

All of this information shows that there will be significant generation excess in the

Columbia area while there is significant generation deficit in the Charleston area, as
indicated in the table below.

Year 2016 Projected Load and Generation Levels
Total SCE&G

Total.Load (MW) Generation (MW)
Columbia Area 2,110 4,317
Charleston Area 1,960 857

Difference (MW)
2,207 (excess)
-1,103 (deficit)

The generation deficit in the Charleston area is of concern to Transmission Planning,
especially when contingencies are considered. A large portion of the generation in the
Charleston area is the AM Williams unit (615 MW). When this unit is outaged the
remaining SCE&G generation in the Charleston area is 242 MW creating a generation
deficit of-1,718 MW in the Charleston area. To address this concern, the following
analysis will evaluate the effectiveness of new 230kV lines from VC Summer toward the
Charleston Load Center.

Power flow simulations show two 230kV circuits will be required to carry an adequate
portion of the 1,165 MW being studied away from the VC Summer Generation Site.
Adding a total of two new 230kV circuits will carry approximately 300 MW out of the VC
Summer area to the Charleston load center during normal conditions.

For Run #2, the following transmission modifications are made:
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1. Establish a St George 230kV Switching Station with six line terminals. Fold in
the existing Wateree-Summerville 230kV line and the existing Canadys-Santee
230kV line at St George.

2. Add a VC Summer New-St George 230kV line #1 and #2 (double circuit) with
B1272 conductor

The additional 230 and115kV overloaded facilities that were identified in Run #1 will be

addressed, if needed, in subsequent runs.

Base Case Conditions
There are no overloaded facilities in the base case (no outages).

N-1 Conditions

Rating Loading
Overloaded Facility (MVA) (%)
Saluda-White Rock 115kV line 95 108

Contingency
Parr-Bush River (Duke) 230kV line

Selected N-2 Conditions
The n-2 analyses show the following overload conditions due to the additional
generation:

Overloaded Facility

Saluda-Georgia Pacific 115kV line

Saluda-White Rock 115kV line

Saluda-White Rock 115kV line

Saluda-White Rock 115kV line

Saluda-White Rock 115kV line

Saluda-White Rock 115kV line

Lake Murray 230/115kV auto
transformer #1

Lake Murray 230/115kV auto
transformer #2

Lake Murray 230/115kV auto
transformer #3

Rating Loading

(MVA) (%)

95 104

95 128

95 116

95

95

95

336

336

336

112

113

108-
113

106

106

106

Contingency(s)

Parr-Bush River (Duke) 230kV line
and Saluda-White Rock 115kV line

Parr-Bush River (Duke) 230kV line
and Saluda-Georgia Pacific 115kV
line
Parr-Bush River (Duke) 230kV line
and Parr-Newport (Duke) 230kV
line

Parr-Bush River 230kV line and VC
Summer #1 bus #1-Blythewood
230kV line
Parr-Bush River 230kV line and VC
Summer #1 bus #2-Ward 230kV
line

Parr-Bush River 230kV line and
one of various other 230 and
115kV lines in the Cola area

Lake Murray 230/115kV auto
transformer #2 and Lake Murray
230/115kV auto transformer #3

Lake Murray 230/115kV auto
transformer #1 and Lake Murray
230/115kV auto transformer #3

Lake Murray 230/115kV auto
transformer #1 and Lake Murray
2301115kV auto transformer #2

]0
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VC Summer #1 bus #3-VC Summer
New 230kV line

VC Summer #1 bus #2-VC Summer
New 230kV line

1020

1020

112

112

VC Summer #1 bus #2-VC
Summer New 230kV line and VC

Summer New-Lake Murray 230kV
line
VC Summer #1 bus #3-VC
Summer New 230kV line and VC
Summer New-Lake Murray 230kV
line

The n-2 analyses show the following .highly loaded conditions due to the additional
generation:

Highly Loaded Facility

St George-Canady 230kV line

St George-Summerville 230kV line

St George-Summerville 230kV line

St George-Summerville 230kV line

St George-Summerville 230kV line

VC Summer #1 bus #1-Blythewood
(Santee Cooper) 230kV line

VC Summer#1 bus #1-Pineland
230kV line

VC Summer #1 bus #3-Lake
Murray 230kV line

Rating Loading

(MVA) (%)

377 87

377 91

377 92

377 85

377 87

55O 83

510 83

755 84

Contingency(s)
AM Williams Generation and St

George-Summerville 230kV line
AM Williams Generation and

Canady-Church Creek 230kV line

AM Williams Generation and
Canady-Pepperhil1230kV line or
Canadys-St. George 230kV line
Canadys-Pepperhil1230kV line
and Canadys-Church Creek 230kV
line

AM Williams Generation and

Canady-Williams 230kV line

Wateree-Sumter (Progress) 230W
line and VC Summer-Winnsboro

(Santee Cooper) 230kV line
Parr-Denny Terrace 230kV line
and VC Summer New-Killian
230kV line

Parr-Denny Terrace 230kV line
and VC Summer New-Lake

Murray 230kV line

Run #3 - Correct Overloaded and Highly Loaded Facilities

In Run #2, the additional generation along with thetransmission modifications made to
accommodate the generation result in some overloaded and highly loaded lines in the
St George and Charleston areas. Also, some Columbia facilities are still showing as
overloaded. These will be addressed in this run.

For Run #3, the following transmission modifications are made:

1. Construct a VC Summer New-VC Summer #1 bus #1 230kV line with B1272
conductor

2. Upgrade the St. George-Summerville 230kV line to B1272

]1
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3. Upgrade the St. George-Canadys 230kV line to B1272
4. Upgrade the Saluda-White Rock 115kV line to 1272
5. Upgrade the Saluda-Georgia Pacific 115kV line to 1272

Base Case Conditions
There are no overloaded facilities in the base case (no outages).

N-1 Conditions
There are no overloaded facilities due to the additional generation.

Selected N-2 Conditions

The n-2 analyses show the Lake Murray 230/115kV autotransformers continue to
overload for the loss of the other two autotransformers. This will be addressed by

adding additional 230/115kV transformation in the Lexington area.

Because the VC Summer #3 generator, along with the VC Summer #1 and #2 units, will
result in significant nuclear generation on the SCE&G system with electrical power
outputs that is not expected to vary with changing load conditions, Transmission
Planning is concerned about off-peak system conditions. During light load system
conditions in 2016, the total amount of nuclear output on the SCE&G system can
exceed the total amount of system load. As part of this study effort, light load, spring
peak load and shoulder load (75% of peak) system conditions were reviewed. This
review showed that several system facilities overload during contingency conditions at
off-peak load conditions due to the expected unusual generation dispatch (all or mostly
nuclear generation) and the fact that all this generation is located in one area.
Transmission Planning will conduct a more thorough study of these conditions as part of
the Generator Interconnection System Impact Study.

B. Short Circuit Analysis

An initial review of the effect of the increased fault current in the SCE&G area indicates
that three 230kV breakers and eight 115kV breakers on the SCE&G transmission
system may become overstressed with the addition of the VC Summer #3 generator
and associated transmission improvements. These overstressed breakers would need
to be replaced with higher capacity breakers.

The total short circuit contribution from the SCE&G Transmission System that will be
seen at the VC Summer new Substation 230 kV bus is:

Z positive (p.u.) X/R Z negative (p.u.) X/R Z zero (p.u.) X/R

0.00033+j0.00501 15.0 0.00034+j0.00501 14.9 0.00031+j0.00348 11.2

]2
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These values do not include the contribution of the VC Summer #3 generator. They do
include the expanded SCE&G Transmission System with projected improvements at the
time of interconnection and generation that is connected to the SCE&G Transmission
System (including the proposed VC Summer #2 generator, the existing VC Summer #1
generator and the Fairfield Pumped Storage Units). The values are calculated on a 100
MVA base. A significant change is not expected in this equivalence for the next 10 to
15 years, unless additional generation is interconnected in the areal

]3
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III. Preliminary Recommendations

Proposed Transmission Improvements

The analyses performed in this study show that constructing two new 230kV lines from
the proposed VC Summer #3 generator to the Charleston area load center, plus
additional transmission improvements described below, are required to reliably transmit
the SCE&G's ownership portion of the 1,165 MWof the proposed VC Summer #3
generator from the VC Summer area to the remainder of the SCE&G system.

The required transmission projects are:

1. Construct VC Summer-St George 230kV Double Circuit B1272 line (135 miles)
(Add 2 230kV terminals at VC Summer New)
(breaker-and-a-half design)

2. Construct VCS New-VCS#1, Bus #1
(add 230kV terminal at existing VC Summer Bus #1)
(breaker-and-a-half design)

3. Establish a St George 230kV Switching Station (breaker-and-a-half design)
(6 terminals - 9 breakers)
(Add land)

4. Fold-in the Canadys-Santee 230kV line at St George

5. Upgrade the Canadys-St George 230kV line to B1272
(Upgrade Canadys terminal)

6. Fold-in the Wateree-Summerville 230kV line at St George

7. Upgrade the St George to Summerville 230kV line to B1272
(Upgrade Summerville terminal)

8. Upgrade Saluda-Georgia Pacific 115kV Double Circuit line to 1272
(Upgrade Saluda terminal)

Add five (5) terminals (9 breakers) to the VC Summer New substation (breaker-and-a-
half design).

1. One - for VC Summer #3 generator step up transformer
2. One - for VC Summer #3 station service
3. One - for the new 230kV line to the existing VC Summer #1 230kV bus #1
4. Two - for the 2 new 230kV lines to St George

To resolve overstressed conditions of the breakers as described in the Short Circuit

Analysis section, Transmission Planning recommends replacing the following breakers
with higher interrupting capability breakers:
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Location

VC Summer
VC Summer

VC Summer

Lyles
Edenwood
Dunbar

AM. Williams

St. George

St. George
St. George

St. George

Voltage
230

230
230

115
115

115
115

115
115
115

115

Breaker #

8822

8932
8902

732
3052

1112
5712
5002
5022

5052

5082
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IV. Genera I Engineering Design

S.ingle Line Diagram

Sandy Run

(SCPSA) m

Orangeburg|
(SCPSA) •

St, George
(SCPSA) I

Varnville

(SCPSA) |

| To Newbert3'
(SCPSA)

To Ward

(SCEG)

(S CEG)
13-1272

Existing VCS

Lake Murray
(SCEG)

To SRS

(SCE&G)

230kV Single Line Diagram
Red - New installations

Blue - Existing facilities

Green - Llpgraded facilities

Purple - Santee Cooper System

VCS#3
[3-1272

Richburg

(SCPSA)

Winnsboro

(SCPSA)

To Blythewood
(SCPSA)

I
I

Flat Creek

(SCPSA)

Kfllian (SCEG)

Lyles
(SCEG)

Pincland

(SCEG)

Wa

To Santee

(SCE&G)

SCE&G)

St. George
(SCP'&G)

To Yemassee

(SCE&G)

Stunmerville

To Mateeba

(SCPSA)

Fabcr Place

To Yemassee (SCE&G)

(SCE&G) Church Creek

(SCE&G)

AMW

(SCE&G)
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Substation Single Line

Blue - Existing system
Red - New Construction

Green - Upgrade

VSC#1 Bus #1

Sandy Run
(SCPSA)

VCS#1 bus #3

VCS #1 bus#2

VCS Nuclear #3

g "V" h

Lake Murray #2 ._

VCS Nuclear #2 ?

,,.__._. Sta. Service

""---- Sta. Service

Winnsboro

"--'- (SCPSA)

Killian

Canadys

(SCE&G)

Gooseereek /'_T

(SCS_G) [l
Upgrade |

B-1272 /

(
To Summerville

(SCE&G)

Wateree #

(SCE&C;)

St, George
Sw' Sta.

_" Santee

Upgrade (SCE&G)
13-1272
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Cost Estimates

All cost estimates are in 2006 dollars.

1. Construct VC Summer New-St George 230kV
Double Circuit B1272 line (135 miles) ....................................... $153,950,000

2...Construct VCS New-VCS#1, Bus #1) .................................................... $600,000
(add 230kV terminal at existing VC Summer #1 Bus #1) .............. $1,100,000

3. Construct St George 230kV Switching Station
(Breaker-and-a-half design) ........................................................ $11,400,000

4. Fold-in the Canadys-Santee 230kV line at St George ........................ $1,100,000

5. Upgrade the Canadys-St George 230kV line to B1272 ...................... $7,300,000

6. Fold-in the Wateree-Summerville 230kV line at St George ................ $1,100,000

7. Upgrade the St George to Summerville 230kV line to B1272 ........... $15,300,000

8. Upgrade Saluda-Georgia Pacific 115kV Double Circuit line to 1272 $11,900,000

Expand the 230kV generator substation at the VCS New site .................... $12,000,000

Replace overstressed
1. 230kV breakers - 3 ................................................................................ $600,000
2. 115kV breakers - 8 ............................................................................. $1,200,000

Total Cost Estimate ................................................................................... $217,550,000

]8
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Generator Interconnection System Impact Study
for

SCE&G V.C. Summer Nuclear #2

__, (HCY-2)

A Generator Interconnection System Impact Study is an extension of the previous
Generation Interconnection Feasibility Study, and is a detailed study of the SCE&G
transmission system considering the full output of the proposed new generation. The
System Impact Study includes a full test of the NERC Reliability Standards Table 1 and
the SCE&G Internal Transmission Planning Criteria.

General Discussion

The SCE&G Nuclear Group has applied for interconnection of a new 1375 MVA nuclear
generator near the existing V.C. Summer site. This new generator would be jointly
owed by SCE&G and Santee Cooper, SCE&G would own 55% and Santee Cooper
would own the remaining 45%. In this study Santee Cooper's portion of the generator

output was represented as delivered to the Santee Cooper system.

In addition to this Interconnection System Impact Study, SCE&G Transmission Planning
participated in a joint study with Southern Company, Santee Cooper, Duke Energy and
other interconnected transmission providers to evaluate the effect of this generator and
other planned generators in the region. Results of this joint study indicated no
unacceptable interaction between these planned generators or the identified associated
transmission expansion.

In the future, SCE&G Transmission Planning will periodically review the results of this
Interconnection System Impact Study to determine if the recommended expansion
remains valid.

The previously completed Feasibility Study recommended the following transmission
line improvements:

1. Construct a VC Summer #2-Killian 230kV line with B1272 conductor

• (add 230kV terminal at Killian)
2. Construct a VC Summer #2-Lake Murray 230kV line with B1272 conductor

• (add 230kV terminal at Lake Murray)
3. Construct a VC Summer #2-VC Summer (existing) Bus #2 230kV line with B1272

conductor

• (add 230kV terminal at VC Summer #1 Bus #2)
4. Construct a VC Summer #2-VC Summer (existing) Bus #3 230kV line with B1272

conductor

• (add 230kV terminal at VC Summer #1 Bus #3)
5. Upgrade the existing Denny Terrace-Lyles 230kV line to B1272
6. Upgrade the existing Parr-VC Summer #1 230kV line to B1272
7. Upgrade the existing Parr-VC Summer #2 230kV line to B1272
8. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray
9. Add a 3rd 230/115kV 336 MVA auto transformer at Denny Terrace

3
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10. Upgrade the existing Saluda-McMeekin 115kV line to B1272
11. Upgrade the existing Lake Murray-McMeekin 115kV line to B1272
12. Upgrade the existing Lake Murray-Saluda 115kV to with B1272

__ (HCY-2)

In addition, it will be necessary to construct a new 230kV generator substation at the
proposed site using a breaker-and-a-half design with seven 230kV terminals.

1. One
2. One
3. One
4. One
5. One
6. One
7. One

- for the generator step up transformer
- for station service

- for the new 230kV line to the existing V. C. Summer 230kV bus #2
- for the new 230kV line to the existing V. C. Summer 230kV bus #3
- for the new 230kV line to Lake Murray
- for the new 230kV line to Killian

- for the new 230kV line to Santee Cooper

A total of eleven 230kV breakers are needed at the new generator substation for this
design.

To resolve overstressed conditions of several 230kV and 115kV breakers as described

in the Short Circuit Analysis section, Transmission Planning recommends replacing the
following breakers with higher interrupting capability breakers:

Location Voltage Breaker #
VC Summer 230 8722

VC Summer 230 8732

VC Summer 230 8742

VC Summer 230 8772

VC Summer 230 8792

VC Summer 230 8832

VC Summer 230 8842

VC Summer 230 8852

VC Summer 230 8892

VC Summer 230 8912

VC Summer 230 8942

Parr 230 6402

Parr 230 6412

Parr 230 6422

Parr 230 6432

Parr 230 6442

Saluda Hydro 115 562
McMeekin 115 1051

McMeekin 115 2051

Edenwood 115 2712

Edenwood 115 3672

Edenwood 115 3682

Denny Terrace 115 8032

Denny Terrace 115 8042

Denny Terrace 115 8092

4
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The report will be presented as follows:

I. Generation Information
I1. Transmission Studies

A. Power Flow Analysis
B. Short Circuit Analysis
C. Stability Analysis

III. Required Interconnection Facilities
IV. Engineering Design & Cost

I. Generator Information

The generator design consists of a single nuclear unit and one step-up transformer.
The generator unit will have a maximum gross MVA output capacity of 1,375 MVA and
a maximum continuous net MW of 1,165 MW.

The generator design consists of the following information:
MVA - gross:
MW- net:
Power Factor:

Voltage:
Speed:
X'd-sat.: 0.465 PU;
X2-sat.: 0.320 PU;

1375
1165
between .90 and 1.05
22kV

1800 rpm
X"d-sat.: 0.325 PU
X0:0.237 PU

II. Transmission Studies

A. Power Flow Analysis

Since the completion of the Generation Interconnection Feasibility Study,
modifications were made to the 230kV generator substation layout and the

arrangement of lines connecting to the existing V.C. Summer substation and the
proposed V.C. Summer substation. These changes resulted in the proposed
retirement of the Parr 230kV substation. The original improvements along with

these proposed modifications were modeled and Transmission Planning has run
more detailed power flow analysis of the SCE&G transmission system to include a
full test of the NERC Reliability Standards Table 1 and the SCE&G Internal
Transmission Planning Criteria. This analysis shows the following overload
condition due to the additional generation:
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Overloaded Facility

Lake Murray-Lyles 115kV line

Emergency
Rating Loading
(MVA) (%)

123 101

Contingency

Outage of Denny Terrace 230kV
Bus #1 and #2 (Category C-9)

Transmission Planning recommends that this contingency event be mitigated by
installing a 2nd bus tie breaker at the Denny Terrace 230kV bus.

B. Short Circuit Analysis

The previously complete feasibility study indicated sixteen 230kV breakers and nine
115kV breakers were overstressed due to the additional generation at V. C. Summer
and must be replaced. However, five of these 230kV breakers are at Parr 230kV
substation and because of the proposed retirement of the Parr 230kV substation,
these five breaker replacements are no longer required. Additionally, two 230kV
breakers are eliminated at the VC Summer #1 Substation with the new line

arrangement. Transmission Planning now recommends that nine 230kV breakers
and nine 115kV breakers be replaced as listed in the recommendations section of
this report.

C. Stability Analysis

1. Overview of Stability Analysis.
The stability study of the connection of the V.C. Summer #2 AP1000 generator to
the SCE&G and SCPSA transmission systems assessed the ability of this generator
to remain in synchronism following selected transmission system contingencies.
Also reviewed were the adequacy of damping of generation/transmission oscillations
and the impact of the proposed generator on the stability performance of other
system generators. System voltage responses were examined for indications of
voltage instability. In addition, generator frequency responses and the effects of
protective system performance were evaluated.

For the system peak load cases, the nearby V.C. Summer #1 generator was
simulated as switched off except for where noted as otherwise. In addition, the
230kV transmission line connecting the V.C. Summer #2 generator switchyard to
SCPSA's Pomaria substation was switched out. These outages were simulated in
order to account for the possibility that major generation and transmission could be

out of service during the operation of the connecting facility. Power flow studies
showed that these were the generation and transmission outages that resulted in the
greatest impact on the reactive output of the V.C. Summer #2 generator.

Rotor angle responses of the V.C. Summer #2 generator were simulated in order to
determine if angular instability could result from likely contingencies. Generator
frequency deviations were examined in order to determine if generator frequency

protection could result in generator tripping. The results of the loss of the V.C.



ExhibitNo.__ (HCY-2)

Page 44 of 96

Summer #2 generator were examined in order to determine if any resulting
underfrequency relay operations would lead to system load shedding. Finally, the
effects of each contingency on the V.C. Summer #2 230kV switchyard bus were
examined along with voltages at the existing V.C. Summer #1 230kV and 115kV
Offsite Power Supply buses to determine if the voltage requirements of the Offsite
Power Supply buses were violated. Generator response plots are not included but
are available for review upon request.

An initial 30 second steady state simulation for the selected connection configuration
was performed in order to establish that steady state conditions existed prior to fault
conditions. The simulation of each contingency repeated the steady state condition

for 1 second prior to introducing permanent fault conditions so that the responses
could be compared to the initial steady state condition. In order to determine the
effects on all system generators, contingencies were simulated under system peak
load conditions and system valley load conditions.

Contingencies were selected in order to satisfy each of four categories as specified
by NERC Reliability Standards TPL-001 through TPL-004. As a companion to this
study, SCPSA has performed a study of this generator interconnection and has
determined that the NERC Reliability Standards are satisfied for its system. An

Executive Summary of the SCPSA study of generator rotor angle responses to
contingencies on its system follows the results of the SCE&G stability analysis.
Although not included in this report, a stability study of this interconnection was also
performed for the VCS #2 & VCS #3 Combined Operating License Application
(COLA). The results of that study support the findings of this Interconnection Study.

The results of the stability analysis are described in the following sections and are
summarized following the detailed results.

2. Results of Peak Load Stability Analysis.
A.I. Steady state conditions (NERC Category A condition)

The interconnection of the V.C. Summer #2 generator was shown to result in system

steady state conditions. Generator rotor angles and frequencies showed no
deviations through out the 30 second simulation. The voltage at the V.C. Summer
#2 bus remained at 232.3kV during the simulation. The voltages at the V.C.

Summer #10ffsite Power Supply buses were constant at 232.3kV and 117.75kV.

A.2. Normal clearing of a three phase fault on the V.C. Summer #2 generator
terminal 26kV bus (NERC Category B-1 Contingency)

Following a 1 second steady state period, a permanent fault was simulated at the
26Kv side of the V.C. Summer #2 generator step up transformer. This results in the
opening of the generator breaker 5 cycles after the appearance of the fault. Since
the station service buses are normally served from the 26kV bus, this operation
would result in the loss of the station service loads. However, the station fast

transfer scheme switches these loads to the switchyard 230kV bus and allows the
continued service of these loads.

Rotor angle oscillations were moderate and well damped with no indication of

angular instability. There was no indication of voltage instability. Likewise, system
?
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frequency responses were also moderate and well damped with no indication of
system underfrequency load shedding or generator under/overfrequency operations.

During the application of the fault, the voltage at the V.C. Summer #2 bus dropped to
121.41kV. The V.C. Summer #1 230kV and 115kV Offsite Power Supply bus

voltages dropped to 125.06kV and 78.98kV respectively. This allowed the degraded
voltage and loss of voltage relay timers to initiate. However, the voltages recovered
enough to reset the timers within 1 cycle of the clearing of the fault.

Steady state conditions were reestablished with no further system operations.

A.3. Delayed clearing of a single line to ground fault on the future V.C. Summer #2
switchyard to the existing V.C. Summer #1 generator switchyard bus #2 (NERC

Category C-8 contingency)

Since this contingency places a fault near the existing V.C. Summer #1 generator,
this unit was modeled as switched on. All local transmission lines were also

modeled as in service. Following a 1 second steady state period, a permanent
single phase-to-ground fault was simulated at the V.C. Summer #2 end of the V.C.
Summer #2 - V.C. Summer #1 230kV transmission line #2. The circuit breaker at

the V.C. Summer #1 end of the line was simulated as operating normally. The
breaker and a half scheme at the V.C. Summer #2 switchyard cleared the fault

following a fault duration of approximately 0.25 seconds.

During the application of the fault, the voltage at the V.C. Summer #2 bus dropped to
121.44kV. The V.C. Summer #1 230kV and 115kV Offsite Power Supply bus

voltages dropped to 126.94kV and 71.20kV respectively. This allowed the degraded
voltage and loss of voltage relay timers to initiate. However, the voltages recovered
enough to reset the timers within 1 cycle of the clearing of the fault.

Rotor angle oscillations were moderate and were adequately damped with no
indication of angular instability. There was no indication of voltage instability.
Likewise, system frequency responses were also moderate and adequately damped
with no indication of system underfrequency load shedding or generator

under/overfrequency operations.

Steady state conditions were reestablished with no further system operations.

A.4. Normal clearing of a three phase fault on the existing V.C. Summer #1
generator switchyard bus #1 (NERC Category D-10 contingency)

Since this contingency places a fault near the existing V.C. Summer #1 generator,
this unit was modeled as switched on. All local transmission lines were also

modeled as in service. Following a 1 second steady state period, a permanent
single three phase fault was simulated at the V.C. Summer #1 bus #1. Since this is
the bus that the V.C. Summer #1 generator is connected to that generator was
tripped when the fault was cleared. In addition, in order to prevent the Fairfield
Pumped Storage generators from becoming unstable, a Special Protection System
will need to be installed at the V.C. Summer #1 switchyard that will trip those units
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as well. The operations to clear the fault and trip the generators will occur within 6

cycles from the appearance of the bus fault.

During the application of the fault, the voltage at the V.C. Summer #2 230kV bus
dropped to 6.99kV. The V.C. Summer #1 230kV and 115kV Offsite Power Supply
bus voltages dropped to 0.00kV and 21.79kV respectively. This allowed the
degraded voltage and loss of voltage relay timers to initiate. However, the voltages
recovered enough to reset the timers within 14-15 cycles following the appearance
of the fault.

Rotor angle oscillations were moderate and were adequately damped with no
indication of angular instability. There was no indication of voltage instability.
Likewise, system frequency responses were also moderate and adequately damped
with no indication of system underfrequency load shedding or generator
under/overfrequency operations.

Steady state conditions were reestablished with no further system operations.

3. Results of Low Load Stability Analysis.
A.I. Steady state conditions (NERC Category A condition)

The interconnection of the V.C. Summer #2 generator was shown to result in system

steady state conditions. Generator rotor angles and frequencies showed no
deviations through out the 30 second simulation. The voltage at the V.C. Summer
#2 bus remained at 232.3kV during the simulation. The voltages at the V.C.
Summer #10ffsite Power Supply buses were constant at 232.3kV and 116.84kV.

A.2. Normal clearing of a three phase fault on the V.C. Summer #2 generator
terminal 26kV bus (NERC Category B-1 Contingency)

Following a 1 second steady state period, a permanent fault was simulated at the
26Kv side of the V.C. Summer #2 generator step up transformer. This results in the
opening of the generator breaker 5 cycles after the appearance of the fault. Since
the station service buses are normally served from the 26kV bus, this operation
would result in the loss of the station service loads. However, the station fast

transfer scheme switches these loads to the switchyard 230kV bus and allows the
continued service of these loads.

Rotor angle oscillations were small but poorly damped due to the smaller level of
synchronizing torque within the system due to the reduced amount of generation on
line during system low load conditions. However, the generator rotor angle
oscillations were eventually damped and there was no indication of angular
instability. There was no indication of voltage instability. Likewise, system
frequency responses were also small and poorly damped but with no indication of
system underfrequency load shedding or generator under/overfrequency operations.

During the application of the fault, the voltage at the V.C. Summer #2 bus dropped to
133.47kV. The V.C. Summer #1 230kV and 115kV Offsite Power Supply bus
voltages dropped to 136.00kV and 74.82kV respectively. This allowed the degraded
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voltage and loss of voltage relay timersto initiate. However,the voltagesrecovered
enoughto reset the timerswithin 1 cycleof the clearingof the fault.

Steadystate conditionswere reestablishedwith no further systemoperations.

A.3. Delayedclearing of a single line to ground fault on the future V.C. Summer
#2 switchyardto the existingV.C. Summer#1 generator switchyardbus#2 (NERC
CategoryC-8 contingency)

Since this contingencyplaces a fault near the existing V.C. Summer#1 generator,
this unit was modeled as switched on. All local transmission lines were also
modeled as in service. Followinga 1 second steady state period, a permanent
single phase-to-groundfault was simulatedat the V.C. Summer#2 end of the V.C.
Summer#2 - V.C. Summer#1 230kV transmission line #2. The circuit breakerat
the V.C. Summer #1 end of the line was simulated as operating normally. The
breaker and a half scheme at the V.C. Summer #2 switchyard cleared the fault
followinga fault durationof approximately0.25seconds.

Duringthe applicationof the fault,the voltageat the V.C. Summer#2 bus droppedto
115.83kV. The V.C. Summer #1 230kV and 115kV Offsite Power Supply bus
voltagesdropped to 121.03kVand 67.65kV respectively. This allowedthe degraded
voltage and loss of voltage relay timers to initiate. The voltages recoveredenough
to reset the timerswithin 2-3cyclesof the clearingof the fault.

Rotorangleoscillationswere small and were adequately damped with no indication
of angular instability. There was no indication of voltage instability. Likewise,

system frequency responses were also small and adequately damped with no
indication of system underfrequency load shedding or generator

under/overfrequency operations.

Steady state conditions were reestablished with no further system operations.

A.4. Normal clearing of a three phase fault on the existing V.C. Summer #1

generator switchyard bus #1 (NERC Category D-10 contingency)

Since this contingency places a fault near the existing V.C. Summer #1 generator,
this unit was modeled as switched on. All local transmission lines were also

modeled as in service. Following a 1 second steady state period, a permanent three

phase fault was simulated at the V.C. Summer #1 bus #1. Since this is the bus that
the V.C. Summer #1 generator is connected to, that generator was tripped when the
fault was cleared. In addition, in order to prevent the Fairfield Pumped Storage

generators from becoming unstable, a Special Protection System will need to be
installed at the V.C. Summer #1 switchyard that will trip those units as well. The

operations to clear the fault and trip the generators will occur within 6 cycles from the

appearance of the bus fault.

During the application of the fault, the voltage at the V.C. Summer #2 230kV bus
dropped to 5.89kV. The V.C. Summer #1 230kV and 115kV Offsite Power Supply
bus voltages dropped to 0.00kV and 18.19kV respectively. This allowed the
degraded voltage and loss of voltage relay timers to initiate. However, the voltages

10



Exhibit No. __ (HCY-2)

Page 48 of 96

recovered enough to reset the timers within 12-17 cycles of the appearance of the
fault.

Rotor angle oscillations were moderate and were adequately damped with no
indication of angular instability. There was no indication of voltage instability.
Likewise, system frequency responses were also moderate and adequately damped
with no indication of system underfrequency load shedding or generator
under/overfrequency operations.

Steady state conditions were reestablished with no further system operations. The
plots for this case are shown in

A.5. Three phase fault with normal clearing on the existing V.C. Summer #1
generator bus #2 to Fairfield Pumped Storage Generators # 5-8 (NERC Category D-
11 contingency)

Since this contingency places a fault near the existing V.C. Summer #1 generator,
this unit was modeled as switched on. All local transmission lines were also

modeled as in service. Following a 1 second steady state period, a permanent
three phase fault was simulated on the 230kV transmission line that connects the
V.C. Summer #1 bus #2 to the Fairfield Pumped Storage units #5-8. When this line

was opened these units which were operating in the pumping mode were taken off
line. This represents the largest load that can be removed from the system as a
result of a single event.

During the application of the fault, the voltage at the V.C. Summer #2 230kV bus
dropped to 6.00kV. The V.C. Summer #1 230kV and 115kV Offsite Power Supply

bus voltages dropped to 0.00kV and 18.40kV respectively. This allowed the
degraded voltage and loss of voltage relay timers to initiate. The voltage recovery
differed between the 230kV and 115kV Offsite Power Supply buses but was easily
sufficient to allow all relay timers to reset to prevent the switching of the Engineered
Safeguard Features buses from the Offsite Power Supply buses.

Rotor angle oscillations were moderate and were adequately damped with no
indication of angular instability. Likewise, system frequency responses were also
moderate and adequately damped with no indication of system underfrequency load
shedding or generator under/overfrequency operations.

Steady state conditions were reestablished with no further system operations.

]]
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V.C. Summer #2 STABILITY STUDY RESULTS

Peak System Load Cases

__ (HCY-2)

A.I. Steady state conditions
A. Generator rotor angles demonstrate steady state condition.
B. There was no indication of voltage instability.
C. Generator frequencies show no deviation.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-001 compliance demonstrated.

A.2. Three phase fault with normal clearing on the V.C. Summer #2 generator
terminal 26kV bus

A. Moderate rotor angle oscillation for SCE&G generators with good damping
and no indication of instability.

B. There was no indication of voltage instability.
C. Generator frequency responses are moderate and well damped with no

system UFLS or generator under/over frequency operations.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-002 compliance demonstrated.

A.3. Single line to ground fault with delayed clearing on the future V.C. Summer #2
switchyard to the existing V.C. Summer #1 generator switchyard bus #2

A. Moderate rotor angle oscillation for SCE&G generators with good damping
and no system instability.

B. There was no indication of voltage instability.
C. Generator frequency responses are moderate and well damped with no

system UFLS or generator under/over frequency operations.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-003 compliance demonstrated.

A.4. Three phase fault with normal clearing on the existing V.C. Summer #1
generator bus #1

A. Moderate rotor angle oscillation for SCE&G generators with adequate
damping, but Special Protection Scheme to trip Fairfield Pumped Storage
generators is needed.

B. There was no indication of voltage instability.
C. Generator frequency responses are moderate and well damped with no

system UFLS or generator under/over frequency operations.
D. Special Protection System to trip Fairfield Pumped Storage #1-8 required.
E. No negative impact on existing V.C. Summer #1 offsite power.
F. NERC Reliability Standard TPL-004 compliance demonstrated.

]2
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V.C. Summer #2 STABILITY STUDY RESULTS

System Low Load Cases

A.1. Steady state conditions
A. Generator rotor angles demonstrate steady state condition.
B. There was no indication of voltage instability.

C. Generator frequencies show no deviation.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-001 compliance demonstrated.

A.2. Three phase fault with normal clearing on the V.C. Summer #2 generator
terminal 26kV bus

A. Small rotor angle oscillation for SCE&G generators with poor but adequate
damping.

B. There was no indication of voltage instability.
C. Generator frequency oscillations small with poor but adequate damping.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-002 compliance demonstrated.

A.3. Single line to ground fault with delayed clearing on the future V.C. Summer #2
switchyard to the existing V.C. Summer #1 generator switchyard bus #2

A. Small rotor angle oscillation for SCE&G generators with adequate damping.
B. There was no indication of voltage instability.
C. Generator frequency oscillations also small with adequate damping.
D. NERC Reliability Standard TPL-003 compliance demonstrated.

A.4. Three phase fault with normal clearing on the existing V.C. Summer #1

generator bus #1
A. Moderate rotor angle oscillation for SCE&G generators with adequate

damping.
B. There was no indication of voltage instability.
C. Generator frequency oscillations moderate and adequately damped.
D.
E.
F.

Special Protection System to trip Fairfield Pumped Storage #1-8 required.
No negative impact on existing V.C. Summer #1 offsite power.
NERC Reliability Standard TPL-004 compliance demonstrated.

A.5. Three phase fault with normal clearing on the existing V.C. Summer #1
generator bus #2 to Fairfield Pumped Storage Generators #5-8

A. Moderate rotor angle oscillation for SCE&G generators with adequate
damping.

B. There was no indication of voltage instability.
C. Generator frequency oscillations moderate and adequately damped.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-004 compliance demonstrated.

]3
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3. SCPSA Executive Summary

Santee Cooper has completed a portion of a joint utility assessment evaluating the
dynamic performance of the bulk transmission system performance with the addition
of a proposed 1,165 MW generating unit at the existing V.C. Summer site.
Assessments are based on Reliability Standards adopted by the North American

Electric Reliability Corporation (NERC) used simulated contingency events of
projected 2015 summer and light-load seasons.

This study assesses both the transient stability and dynamic stability under normal
operation and for selected contingencies simulated within the Santee Cooper electric
system. The study focuses on selected contingency events addressing each of the
four contingency Categories defined by NERC Reliability Standards TPL-001
through TPL-004. Contingencies selected for inclusion in this study focus on
assessing the impact of specific, proposed changes in the power system network
configuration and operating scenario associated with the proposed 1,165 MW

generating unit addition at the existing V.C. Summer site.

Study scenario contingencies are applied to dynamic simulation models representing
projected summer peak and light-load system conditions for 2015. These models
were developed with coordinated input from Santee Cooper, SCE&G, Southern
Company, Duke and Progress Energy Carolinas. Since it is impractical to include all
possible contingency scenarios in specific stability assessments, those contingency
scenarios judged most likely to impact the stability of Santee Cooper facilities are
incorporated in this evaluation of actual or proposed system changes. Contingency
events evaluated and assessments of each simulation are detailed in Table 1.

Selected plots for each scenario are included for each simulation under projected
summer peak and light-load conditions.

Review and appraisal of each of the scenarios evaluated do not identify any
performance issues within the Santee Cooper bulk transmission system resulting
from the proposed additional generation at the V.C. Summer site. Each of the

selected contingency scenarios from Categories A, B and C and D of NERC
Planning Standard TPL-001 through 004, Table 1 indicates that the Santee Cooper
system is expected to comply with the requirements outlined for these contingency
categories in the projected representation of both the 2015 summer and light-load
seasons.

]4
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Scenario
#

NERC

Category
B-2

C-3

C-5

C-7

D-3

Table 1

Contingency Simulations

Description
Newberry 230 kV to Pomaria 230 kV
line has a fault next to Newbery 230 kV
Switching 230 kV switching station. The
line is opened and closed under normal
breaker operation causing the fault to
clear.

Newberry 230 kV to Greenwood County
230 kV line has a fault next to Newbery
230 kV Switching 230 kV switching
station. The line is opened under
normal breaker operation causing the
fault to clear. This line is not closed. 5

seconds later the Newberry 230 kV to
Pomaria 230 kV line has a fault next to

Newbery 230 kV Switching 230 kV
switching station. The line is opened
and closed under normal breaker

operation causing the fault to clear.
Failure of common structure causes

both Greenwood to Hodges 230 kV and
Greenwood to Rainey 230 kV lines to
have a single line to ground fault. Both
lines are taking out of service by normal
breaker operation resulting in the
clearing of the fault.

A single line to ground fault on the
Camden to Lugoff 230kv occurs near
the Camden switching station. Due to
slow breaker operation there is a delay
in clearing the fault. The Camden to
Lugoff 230 kV line is opening and then
closed resulting in clearing the fault.

Fault on line near Newberry 230 kV
station is not cleared due to breaker

failure. The station is then drop by
secondary breaker protection.

6 D-4 Fault occurs on Pomaria 230 kV buss tie

breaker resulting is delayed clearing of
230 kV lines and loss of Pomaria bus.

7 D-5 Fault on Blythewood 230 to 69 kV
transformer results in opening and
closing of both VC Summer to
Blythewood 230 kV and Blythewood to
Lugoff 230k kV lines. Both Blythewood
230 to 69 kV transformers are tripped
resulting in loss of 230 kV support to the
Santee Cooper 69kV system.

Findings
Both seasonal case scenarios exhibit

good damping following the
disturbance. Machine relative angles
quickly return to pre-disturbance
values without significant swings.

Both seasonal case scenarios exhibit

good damping following both the I st

and 2nddisturbance. Machine relative

angles quickly return to pre-
disturbance values without significant
swings during either of the
disturbances.

Both scenarios exhibit good damping
following the disturbance. The
summer scenario indicates that

machine relative angles quickly
returning to pre-disturbance values
with no significant swings following
the disturbance. The light-load
scenario shows machine relative

angles quickly finding new steady
states of operation with no significant
swings.
Both scenarios exhibit good damping
following the disturbance. The
machine relative angles quickly return
to pre-disturbance values no
significant swings.

Machine relative angles exhibit wider
swings than those identified for the
summer season, though both
seasonal scenarios exhibit good

damping following the disturbance.
Results indicate that oscillations

following the disturbance are well-
damped for both seasonal scenarios.
Both scenarios exhibit good damping
following the disturbance. The
machine relative angles quickly return
to pre-disturbance values no
significant swings.
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4. Stability Study Conclusions

This study demonstrates that the proposed V.C. Summer #2 generator
interconnection to the SCE&G and SCPSA systems is compliant with NERC
Reliability Standards. There was no indication of voltage instability. None of
the simulations indicated that system UFLS or generator under/overfrequency
operations would occur. Neither does the interconnection have a negative
impact on the existing V.C. Summer #1 offsite power quality. Several cases
with faults located near the V.C. Summer #1 and the Fairfield Pumped Storage
units revealed a need for a Special Protection System that will trip the Fairfield
units to prevent instability. The SCE&G Relay and SCADA Applications
department has identified the operating features of such a scheme and will
need to make the required system protection improvements.

16
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III. Required Interconnection Facilities

The analyses performed in this study confirmed the results of the Feasibility Study and
show that constructing two new 230kV lines from the VC Summer site to the Columbia
Area load center, plus additional transmission improvements described below, are
required to reliably transmit the 1,165 MW of the proposed VC Summer #2 generator
from of the VC Summer area to the remainder of the SCE&G system. Also, the

analyses show that constructing two new 230kV lines is less costly and more effective
than upgrading the numerous existing 230kV transmission facilities that currently

transmit power from the VC Summer area.

The required transmission improvements:

1. Construct a VC Summer #1 bus #1 - Killian 230kV line with B1272

conductor. (add 230kV terminal at Killian)
2. Construct a VC Summer #2 - Lake Murray 230kV line with B1272 conductor.

(add 230kV terminal at Lake Murray)
3. Construct a VC Summer #2 - VC Summer #1 bus #2 230kV line with B1272

conductor. (add 230kV terminal at VC Summer #1 bus #2)
4. Construct a VC Summer #2 - VC Summer #1 bus #3 230kV line with B1272

conductor. (add 230kV terminal at VC Summer #1 bus #3)
5. Upgrade the existing Denny Terrace-Lyles 230kV line to B1272
6. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray
7. Add a 3rd 230/115kV 336 MVA auto transformer at Denny Terrace

8. Upgrade the existing Saluda-McMeekin 115kV line to B1272
9. Upgrade the existing Lake Murray-McMeekin 115kV line to B1272
10. Upgrade the existing Lake Murray-Saluda 115kV to with B1272
11. Add a second 230kV bus tie breaker at Denny Terrace

Construct a new 230kV generator substation at the proposed site using a breaker-and-
a-half design with ten 230kV terminals. To minimize the number of line crossings and to
retire the Parr 230kV substation, several existing lines are being re-terminated at the VC
Summer #2 substation and some of the new required lines are terminating at the VC
Summer #1 substation.

1. VC Summer #2 generator step up transformer
2. VC Summer #2 station service
3. New 230kV line to VC Summer #1 bus #2
4. New 230kV line to VC Summer #1 bus #3

5. New 230kV line to Lake Murray
6. Re-terminate existing 230kV line to Lake Murray
7. Re-terminate existing 230kV line to Bush River (Duke)
8. Re-terminate existing 230kV line to Graniteville
9. Re-terminate existing 230kV line to Denny Terrace
10. Re-terminate existing 230kV line to Newberry (Santee)

A total of eighteen 230kV breakers are needed at the new generator substation for this

design.
17
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To resolve overstressed conditions of several 230kV and 115kV breakers as described

in the Short Circuit Analysis section, the following breakers must be replaced with
higher interrupting capability breakers:

Location Voltaqe Breaker #
VC Summer 230 8722

VC Summer 230 8772

VC Summer 230 8792

VC Summer 230 8832

VC Summer 230 8842

VC Summer 230 8852

VC Summer 230 8892
VC Summer 230 8912

VC Summer 230 8942

Saluda Hydro 115 562
McMeekin 115 1051

McMeekin 115 2051

Edenwood 115 2712

Edenwood 115 3672

Edenwood 115 3682

Denny Terrace 115 8032
Denny Terrace 115 8042

Denny Terrace 115 8092

As stated in the stability analysis section, several cases with faults located near the V.C.
Summer #1 and the Fairfield Pumped Storage units revealed a need for a Special
Protection System that will trip the Fairfield units to prevent instability. The SCE&G
Relay and SCADA Applications department has identified the operating features of such
a scheme and will need to make the required system protection improvements.

18
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IV. Engineering Design & Cost

A. Engineering Single line Layout & Substation Arrangement

Transmission Single Line

Duke
230 kV ties

VCS#1
Winnsboro (Santee) Existing 230 kV line

New 13-1272 ACSR

Upgrade to B-1272 ACSR

Santee

230 kV ties

To Graniteville

230 kV .arr  -II

LakeMurrayI
To Edenwood 230 kV

Blythewood
(Santee)

Pineland

Denny Terrace

Lyles

Winnsboro 230 kV

Killian

To Wateree 230 kV
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Substation Arrangement

Fairfield #1 & #2

_ Nuclear #1
Winnsboro (Santee)

v_zJI spare_ I

VCS 1 bus
VCS1 bus #1

*Newport (Duke)

VCS 1 bus #3

I 8792 I

#2 *Pineland

*Bush River (Duke)

*Newberry (Santee)

*Ward

Lake Murray #2

*Lake Murray #1

*Denny Terrace #1

, , i

*Blythwood (Santee)

Killian

* Terminals are to be re-terminated

Future

Nuclear #2

R.A.T Unit #2
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All cost estimates are in 2006 dollars.

1. Construct VC Summer-Killian 230kV .................................................. 25,000,000

• (add 230kVterminal at Killian) ................................................. 600,000
2. Construct VC Summer-Lake Murray 230kV ........................................ 17,000,000

• (add 230kV terminal at Lake Murray) ...................................... 600,000
3. Construct VC Summer #2-VC Summer #1 bus #2 .................................. 600,000

• (add 230kV terminal at VC Summer #1 bus #2) ...................... 600,000
4. Construct VC Summer #2-VC Summer #1 bus #3 .................................. 600,000

• (add 230kV terminal at VC Summer #1 bus #3) ...................... 600,000
5. Upgrade existing Denny Terrace-Lyles 230kV ..................................... 1,500,000
6. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray ........ 5,000,000
7. Add a 3rd 230/115kV 336 MVA auto transformer at Denny Terrace .... 8,000,000
8. Upgrade existing Saluda-McMeekin 115kV line ...................................... 125,000
9. Upgrade existing Lake Murray-McMeekin 115kV line .............................. 500,000
10. Upgrade existing Lake Murray-Saluda 115kV ......................................... 450,000
11 .Add second 230kV bus tie breaker at Denny Terrace ............................. 500,000

Construct a new 230kV generator substation at the proposed site using a breaker-and-
a-half design with ten 230kV terminals ............................................... 12,589,000

Construct Transmission from VC Summer #2 Generator to VC Summer #2

Switchyard .......................................................................................................... 340,000

Re-terminate VC Summer area lines to the VC Summer #2 Substation ......... 1,271,000

1. Re-terminate Bush River (Duke) 230kV line to VC Summer #2 substation
2. Re- terminate Newberry (SCPSA) 230kV line to VC Summer #2 substation (paid

by SCPSA)
3. Re-terminate Ward 230kV line to VC Summer #2 substation

4. Re-terminate Lake Murray 230kV #1 line to VC Summer #2 substation
5. Re-terminate Denny Terrace 230kV #1 line to VC Summer #2 substation

Re-terminate VC Summer area lines to the VC Summer #1 Substation ............ 681,000

1. Re-terminate Blythewood (SCPSA) 230kV line to VCS bus #1 (paid by SCPSA)
2. Re-terminate Pineland 230kV line to VCS bus #3

3. Re-terminate Denny Terrace 230kV line #2 to VCS bus #3
4. Re-terminate Newport (Duke) 230kV line to VCS bus #2

Replace overstressed
1. 230kV breakers - 9 ............................................................................... 4,500,000
2. 115kV breakers - 9 ............................................................................... 2,700,000

Total Cost Estimate ................................................................................... $83,756,000
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V. Adjustments to the VC Summer #2 Interconnection Plan

SCE&G Transmission Planning is adjusting the VC Summer #2 generator
interconnection plan to consider future native load needs of the system. The
existing system has limited capability to serve future load growth along the Interstate
77 corridor. Without reactive compensation, the system can serve only an additional
40 MW of customer load. With reactive compensation, 81 MW can be served.

Transmission Planning is expecting the load along 1-77 to grow rapidly in the future,
exceed the additional 81 MW amount and, at that time, the area will need additional
transmission expansion to reliably serve the growing load.

Transmission Planning is recommending that the VC Summer - Killian 230kV
transmission line, discussed above in this report, be routed from VC Summer to
Winnsboro and then to Killian. This will extend the 230kV line but with relatively little
additional cost this will also provide for service along the 1-77 corridor for many years
into the future.
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Generator Interconnection System Impact Study
for

SCE&G V.C. Summer Nuclear #3

A Generator Interconnection System Impact Study is an extension of the previous
Generation Interconnection Feasibility Study, and is a detailed study of the SCE&G
transmission system considering the full output of the proposed new generation. The
System Impact Study includes a full test of the NERC Reliability Standards Table 1 and
the SCE&G Internal Transmission Planning Criteria.

General Discussion

The SCE&G Nuclear Group has applied for interconnection of an additional 1375 MVA
nuclear generator near the existing V.C. Summer site. This new generator would be

jointly owed by SCE&G and Santee Cooper, SCE&G would own 55% and Santee
Cooper would own the remaining 45%. In this study Santee Cooper's portion of the

generator output was represented as delivered to the Santee Cooper system.

In the future, SCE&G Transmission Planning will periodically review the results of this
Interconnection System Impact Study to determine if the recommended expansion
remains valid.

The previously completed Feasibility Study recommended the following transmission

line improvements:

.

.

.

.

5.

.

7.

Construct VCS New-St George 230kV Double Circuit B1272 line (135 miles)
(Add two 230kV terminals at VC Summer New using breaker-and-a-

half design)

Construct VCS New-VCS#1, Bus #1 230kV line

(Add one 230kV terminal at existing VC Summer Bus #1)
(Add one 230kV terminal at VC Summer New using breaker-and-a-

half design)

Establish a St George 230kV Switching Station using breaker-and-a-half design
(6 terminals - 9 breakers)
(Add land)

Fold-in the Canadys-Santee 230kV line at St George 230kV

Upgrade the Canadys-St George 230kV line to B1272
(Upgrade Canadys terminal)

Fold-in the Wateree-Summerville 230kV line at St George 230kV

Upgrade the St George-Summerville 230kV line to B1272

3
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(Upgrade Summerville terminal)

Upgrade Saluda-Georgia Pacific 115kV Double Circuit line to 1272
(Upgrade Saluda terminal)

Add five (5) terminals (9 breakers) to the VC Summer New substation using breaker-
and-a-half design.

1. One - for VC Summer #3 generator step up transformer
2. One - for VC Summer #3 station service

3. One - for the new 230kV line to the existing VC Summer #1 230kV bus #1
4. Two - for the 2 new 230kV lines to St George

To resolve overstressed conditions of the breakers as described in the Short Circuit

Analysis section, Transmission Planning recommends replacing the following breakers
with higher interrupting capability breakers:

Location Voltage Breaker #
VC Summer 230 8822

VC Summer 230 8932

VC Summer 230 8902

Lyles 115 732
Edenwood 115 3052

Dunbar 115 1112

A.M. Williams 115 5712

St. George 115 5002

St. George 115 5022

St. George 115 5052

St. George 115 5082
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I. Generator Information

The generator design consists of a single nuclear unit and one step-up transformer.
The generator unit will have a maximum gross MVA output capacity of 1,375 MVA and
a maximum continuous net MW of 1,165 MW.

The generator design consists of the following information:
MVA- gross:
MW- net:
Power Factor:

Voltage:
Speed:
X'd-sat.: 0.397 PU;

X2-sat.: 0.261 PU;

1375
1165
between .90 and 1.05
26kV

1800 rpm
X"d-sat.: 0.261 PU
X0:0.176 PU

II. Transmission Studies

A. Power FIowAnalysis

Since the completion of the Generation Interconnection Feasibility Study,
modifications were made to the 230kV generator substation layout and the

arrangement of lines connecting to the existing V.C. Summer substation and the
proposed V.C. Summer substation. These changes resulted in the proposed
retirement of the Parr 230kV substation. The original improvements along with

these proposed modifications were modeled and Transmission Planning has run
more detailed power flow analysis of the SCE&G transmission system to include a
full test of the NERC Reliability Standards Table 1 and the SCE&G Internal

Transmission Planning Criteria.

Three different projected loading conditions were simulated for the 2019 time period:
Summer Peak Load, Shoulder Load (75% of peak) and Light Load (38% of peak).

For the Summer Peak Load and Shoulder Load simulations, the analysis identified
no additional overload conditions due to the additional generation that had not

already been previously identified in the Feasibility Study. However, for the Light
Load simulation, the following new conditions occurred:

In the basecase, with no outages, the VC Summer-Newport (Duke) 230kV line loads
to 98% of its continuous rating of 437 MVA.



The n-2 analyses show the following overload

generation:

Rating Loading

Overloaded Facility (MVA) (%)

VC Summer #1 bus #2-Newport
(Duke) 230kV line

VC Summer #1 bus #2-Newport
(Duke) 230kV line

VC Summer #1 bus #2-Newport
(Duke) 230kV line

VC Summer #1 bus #2-Newport
(Duke) 230kV line

VC Summer #1 bus #2-Newport
(Duke) 230kV line

VC Summer #1 bus #2-Newport
(Duke) 230kV line

456 104

456 104

456 103

456 103

456 101

456 101
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additional

Contingency(s)
VC Summer #1 bus #1-Winnsboro

(Santee Cooper) 230kV line and
VC Summer #1 bus #1-Blythewood
(Santee Cooper) 230kV line
VC Summer New-Pomaria (Santee
Cooper) 230kV line #1 and VC

Summer New-Pomaria (Santee
Cooper) 230kV line #2
VC Summer New-Bush River

(Duke) 230kV line and VC Summer
#1 bus #1-Blythewood (Santee
Cooper) 230kV line
VC Summer New-Bush River

(Duke) 230kV line and VC Summer
#1 bus #1-Winnsboro (Santee
Cooper) 230kV line

VC Summer New-Bush River

(Duke) 230kV line and VC Summer
New-Ward 230kV line

VC Summer New-Bush River

(Duke) 230kV line and VC Summer
New-St George 230kV line

The installation of a series reactor on the VC Summer #1-Newport (Duke) 230kV line

will reduce the current flow on the line and eliminate these conditions.
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B. Short Circuit Analysis

The previously completed feasibility study indicated three 230kV breakers and eight
115kV breakers were overstressed due to the additional generation at V. C. Summer

and must be replaced. This analysis identified no overstressed breakers due to the
additional generation that had not already been previously identified in the Feasibility
study.

The addition of the VC Summer #3 unit will increase the fault current in the VC

Summer area to the point where 80kA breakers will be approaching the point of

becoming overstressed. As the fault current capability of the interconnected
transmission system increases in the future, this will require breakers with larger
interrupting capability.

C. Stability Analysis

1. Overview of Stability Analysis.
The stability study of the connection of the V.C. Summer #3 AP1000 generator to
the SCE&G transmission system assessed the ability of this generator to remain in

synchronism following selected transmission system contingencies. Also reviewed
were the adequacy of damping of generation/transmission oscillations and the

impact of the proposed generator on the stability performance of other system
generators. System voltage responses were examined for indications of voltage
instability. In addition, generator frequency responses and the effects of protective
system performance were evaluated.

For the system peak load cases, the adjacent V.C. Summer #2 generator was
simulated as switched off except for where noted as otherwise. In addition, the
230kV transmission line connecting the V.C. Summer #3 generator switchyard to
SCE&G'S Denny Terrace substation was switched out. These outages were
simulated in order to account for the possibility that major generation and
transmission could be out of service during the operation of the connecting facility.
Power flow studies showed that these were the generation and transmission

outages that resulted in the greatest impact on the reactive output of the V.C.

Summer #3 generator.

Rotor angle responses of the V.C. Summer #3 generator were simulated in order to
determine if angular instability could result from likely contingencies. Generator
frequency deviations were examined in order to determine if generator frequency
protection could result in generator tripping. The results of the loss of the V.C.
Summer #3 generator were examined in order to determine if any resulting
underfrequency relay operations would lead to system load shedding. Finally, the
effects of each contingency on the V.C. Summer #2 & #3 230kV switchyard bus
were examined along with voltages at the existing V.C. Summer #1 230kV and
115kV Offsite Power Supply buses to determine if the voltage requirements of the
Offsite Power Supply buses were violated. Generator response plots are not
included but are available for review upon request.

7
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An initial 30 second steady state simulation for the selected connection configuration

was performed in order to establish that steady state conditions existed prior to fault
conditions. The simulation of each contingency repeated the steady state condition
for 1 second prior to introducing permanent fault conditions so that the responses
could be compared to the initial steady state condition. In order to determine the

effects on all system generators, contingencies were simulated under system peak
load conditions and system valley load conditions.

Contingencies were selected in order to satisfy each of four categories as specified

by NERC Reliability Standards TPL-001 through TPL-004. Although not included in
this report, a stability study of this interconnection was also performed for the VCS
#2 & VCS #3 Combined Operating License Application (COLA). The results of that
study support the findings of this Interconnection Study.

The results of the stability analysis are described in the following sections and are
summarized following the detailed results.

. Results of Peak Load Stability Analysis.

A.I. Steady state conditions (NERC Category A condition)
The interconnection of the V.C. Summer #3 generator was shown to result

in system steady state conditions. Generator rotor angles and frequencies
showed no significant deviations through out the 30 second simulation. The
voltage at the V.C. Summer #3 bus remained at 232.38kV during the
simulation. The voltages at the 230kV and 115kV V.C. Summer #10ffsite
Power Supply buses were constant at 232.30kV and 117.65kV.

A.2. Normal clearing of a three phase fault on the V.C. Summer #2 generator
terminal 26kV bus (NERC Category B-1 Contingency)

Following a 1 second steady state period, a permanent fault was simulated
at the 26Kv side of the V.C. Summer #3 generator step up transformer.

This results in the opening of the generator breaker 5 cycles after the
appearance of the fault. Since the station service buses are normally
served from the 26kV bus, this operation would result in the loss of the
station service loads. However, the station fast transfer scheme switches
these loads to the switchyard 230kV bus and allows the continued service of
these loads.

Rotor angle oscillations were moderate and well damped with no indication
of angular instability. There was no indication of voltage instability.
Likewise, system frequency responses were also moderate and well
damped with no indication of system underfrequency load shedding or
generator under/overfrequency operations.

During the application of the fault, the voltage at the V.C. Summer #3 230Kv
bus dropped to 119.42kV. The V.C. Summer #1 230kV and 115kV Offsite
Power Supply bus voltages dropped to 121.436kV and 77.27kV
respectively. This allowed the degraded voltage and loss of voltage relay
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timers to initiate. However, the voltages recovered enough to reset the
timerswithin 1cycleof the clearingof the fault.

Steady state conditions were reestablished with no further system
operations.

A.3.

A.4.

Delayed clearing of a single line to ground fault on the future V.C. Summer
#2 & #3 switchyard to the existing V.C. Summer #1 generator switchyard
bus #1 (NERC Category C-8 contingency)

Since this contingency places a fault near the existing V.C. Summer #1
generator and both future VCS #2 & #3 generators, these units were
modeled as switched on. All local transmission lines were also modeled

as in service. Following a 1 second steady state period, a permanent

single phase-to-ground fault was simulated at the V.C. Summer #2 & #3
end of the V.C. Summer #2 & #3 - V.C. Summer #1 230kV transmission
line #1. The circuit breaker at the V.C. Summer #1 end of the line was

simulated as operating normally. The breaker and a half scheme at the
V.C. Summer #2 & #3 switchyard cleared the fault following a fault

duration of approximately 0.25 seconds.

During the application of the fault, the voltage at the V.C. Summer #2 & #3
bus dropped to 107.12kV. The V.C. Summer #1 230kV and 115kV Offsite
Power Supply bus voltages dropped to 109.64kV and 62.11kV
respectively. This allowed the degraded voltage and loss of voltage relay
timers to initiate. The voltages did not recover in time to reset the loss of
voltage relay timers within the required 0.24 seconds of the appearance of
the fault. Consequently, both the 230kV and the 115kV loss of voltage
relays will operate, resulting in a loss of offsite power and switching of the
Engineered Safeguard Features 7.2kV buses to the diesel generators.
This operation is not caused by the VCS #3 generator since any nearby
fault with delayed clearing will depress the VCS#1 230kV switchyard and
local 115kV transmission system voltages for a longer period of time than
the VCS #1 loss of voltage relay timers are set for.

Rotor angle oscillations for local generators were pronounced but were
adequately damped with no indication of angular instability. There was no
indication of voltage instability. Likewise, system frequency responses
were also moderate and adequately damped with no indication of system

underfrequency load shedding or generator under/overfrequency

operations.

Steady state conditions were reestablished with no further system
operations.

Normal clearing of a three phase fault on the existing V.C. Summer #1

generator switchyard bus #1 (NERC Category D-10 contingency)

9
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Following a 1 second steady state period, a permanent single three phase
fault was simulated at the V.C. Summer #1 bus #1. Since this is the bus

that the V.C. Summer #1 generator is connected to that generator was
tripped when the fault was cleared. In addition, in order to prevent the
Fairfield Pumped Storage generators from becoming unstable, a Special
Protection System that was identified as needed when V.C. Summer #2
goes into service will need to be installed at the V.C. Summer #1
switchyard in order to trip those units as well. The operations to clear the
fault and trip the generators will occur within 6 cycles from the appearance
of the bus fault.

During the application of the fault, the voltage at the V.C. Summer #3
230kV bus dropped to 5.51kV. The V.C. Summer #1 230kV and 115kV
Offsite Power Supply bus voltages dropped to 0.00kV and 34.47kV

respectively. This allowed the degraded voltage and loss of voltage relay
timers to initiate. However, the voltages recovered enough to reset the
timers within 9 cycles following the appearance of the fault.

Rotor angle oscillations were moderate and were adequately damped with
no indication of angular instability. There was no indication of voltage
instability. Likewise, system frequency responses were also moderate
and adequately damped with no indication of system underfrequency load
shedding or generator under/overfrequency operations.

Steady state conditions were reestablished with no further system

operations.

Results of Light Load Stability Analysis.
A.I. Steady state conditions (NERC Category A condition)

The interconnection of the V.C. Summer #3 generator was shown to result

in system steady state conditions. Generator rotor angles and frequencies
showed no significant deviations through out the 30 second simulation. The
voltage at the V.C. Summer #3 bus remained at 232.30kV during the
simulation. The voltages at the 230kV and 115kV V.C. Summer #10ffsite

Power Supply buses were constant at 232.30kV and 117.88kV.

A.2. Normal clearing of a three phase fault on the V.C. Summer #3 generator
terminal 26kV bus (NERC Category B-1 Contingency)

Following a 1 second steady state period, a permanent fault was simulated
at the 26Kv side of the V.C. Summer #3 generator step up transformer.

This results in the opening of the generator breaker 5 cycles after the
appearance of the fault. Since the station service buses are normally
served from the 26kV bus, this operation would result in the loss of the
station service loads. However, the station fast transfer scheme switches
these loads to the switchyard 230kV bus and allows the continued service of

these loads.

10
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A.3.

Rotor angle oscillations were small but poorly damped due to the smaller
level of synchronizing torque within the system due to the reduced amount
of generation on line during system low load conditions. However, the
generator rotor angle oscillations were eventually damped and there was no
indication of angular instability. There was no indication of voltage
instability. Likewise, system frequency responses were also small and
poorly damped but with no indication of system underfrequency load
shedding or generator under/overfrequency operations.

During the application of the fault, the voltage at the V.C. Summer #3 bus
dropped to 125.70kV. The V.C. Summer #1 230kV and 115kV Offsite
Power Supply bus voltages dropped to 127.60kV and 72.95kV respectively.
This allowed the degraded voltage and loss of voltage relay timers to
initiate. However, the voltages recovered enough to reset the timers within
1 cycle of the clearing of the fault.

Steady state conditions were reestablished with no further system
operations.

Delayed clearing of a single line to ground fault on the future V.C. Summer
#2 & #3 switchyard to the existing V.C. Summer #1 generator switchyard
bus #2 (NERC Category C-8 contingency)

Following a 1 second steady state period, a permanent single phase-to-
ground fault was simulated at the V.C. Summer #2 & #3 end of the V.C.
Summer #2 & #3 - V.C. Summer #1 230kV transmission line #1. The circuit

breaker at the V.C. Summer #1 end of the line was simulated as operating

normally. The breaker and a half scheme at the V.C. Summer #2 & #3
switchyard cleared the fault following a fault duration of approximately 0.25
seconds.

During the application of the fault, the voltage at the V.C. Summer #2 & #3
bus dropped to 98.93kV. The V.C. Summer #1 230kV and 115kV Offsite

Power Supply bus voltages dropped to 101.03kV and 60.79kV respectively.
This allowed the degraded voltage and loss of voltage relay timers to
initiate. The voltages did not recover in time to reset the loss of voltage

relay timers within the required 0.24 seconds of the appearance of the fault.
Consequently, both the 230kV and the 115kV loss of voltage relays will
operate, resulting in a loss of offsite power and switching of the Engineered
Safeguard Features 7.2kV buses to the diesel generators. This operation is
not caused by the VCS #3 generator since any nearby fault with delayed
clearing will depress the VCS #1 230kV switchyard and local 115kV
transmission system voltages for a longer period of time than the VCS #1
loss of voltage relay timers are set for.

Rotor angle oscillations were large and were poorly damped due to the
reduced generation during light load conditions and the resulting reduction
in system synchronizing torque. An extended simulation showed that the
generator rotor angle oscillations were eventually damped and there was no
indication of angular instability. There was no indication of voltage

]]
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instability. Likewise, system frequency responses were also moderate and
adequately damped with no indication of system underfrequency load
shedding or generator under/overfrequency operations.

Steady state conditions were reestablished with no further system

operations.

A.4. Normal clearing of a three phase fault on the existing V.C. Summer #1
generator switchyard bus #1 (NERC Category D-10 contingency)

Following a 1 second steady state period, a permanent three phase fault
was simulated at the V.C. Summer #1 bus #1. Since this is the bus that the

V.C. Summer #1 generator is connected to, that generator was tripped
when the fault was cleared. In addition, in order to prevent the Fairfield

Pumped Storage generators from becoming unstable, a Special Protection
System that was identified as needed when V.C. Summer #2 goes into
service will need to be installed at the V.C. Summer #1 switchyard in order

to trip those units as well. The operations to clear the fault and trip the
generators will occur within 6 cycles from the appearance of the bus fault.

During the application of the fault, the voltage at the V.C. Summer #2 230kV
bus dropped to 5.84kV. The V.C. Summer #1 230kV and 115kV Offsite
Power Supply bus voltages dropped to 0.00kV and 19.93kV respectively.
This allowed the degraded voltage and loss of voltage relay timers to
initiate. However, the voltages recovered enough to reset the loss of
voltage relay timers within 13-14 cycles of the appearance of the fault. The
voltage recovery allowed the degraded voltage relay timers to reset within
29-32 cycles following the fault.

Rotor angle oscillations were moderate and were adequately damped with
no indication of angular instability. There was no indication of voltage

instability. Likewise, system frequency responses were also moderate and
adequately damped with no indication of system underfrequency load
shedding or generator under/overfrequency operations.

Steady state conditions were reestablished with no further system
operations. The plots for this case are shown in

A.5. Three phase fault with normal clearing on the existing V.C. Summer #1
generator bus #2 to Fairfield Pumped Storage Generators # 5-8 (NERC

Category D-11 contingency)

Following a 1 second steady state period, a permanent three phase fault
was simulated on the 230kV transmission line that connects the V.C.

Summer #1 bus #2 to the Fairfield Pumped Storage units #5-8. When this
line was opened these units which were operating in the pumping mode
were taken off line. This represents the loss of a large load removed from

the system as a result of a single event.

12
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During the application of the fault, the voltage at the V.C. Summer #2 230kV
bus dropped to 5.97kV. The V.C. Summer #1 230kV and 115kV Offsite

Power Supply bus voltages dropped to 0.00kV and 20.21kV respectively.
This allowed the degraded voltage and loss of voltage relay timers to
initiate. The voltage recovery differed between the 230kV and 115kV Offsite
Power Supply buses but was sufficient to allow all relay timers to reset to
prevent the switching of the Engineered Safeguard Features buses from the
Offsite Power Supply buses. Transmission system voltages showed poorly
damped oscillations with a return to steady state conditions during an
extended 60 second simulation.

Rotor angle oscillations were moderate but poorly damped during the 30
second simulation due to the reduced system synchronizing torque during
reduced system load conditions. However, an extended simulation to 60
seconds demonstrated an eventual return to steady state conditions.
Switching the power system stabilizer at V.C. Summer #3 did not noticeably
degrade the rotor angle damping. There was no indication of angular
instability. Likewise, system frequency responses were also poorly damped
but with no indication of system underfrequency load shedding or generator
under/overfrequency operations.

Steady state conditions were reestablished with no further system
operations.

13
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V.C. Summer #3 STABILITY STUDY RESULTS

Peak System Load Cases

A.1. Steady state conditions
A. Generator rotor angles demonstrate steady state condition.
B. There was no indication of voltage instability.
C. Generator frequencies show no deviation.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-001 compliance demonstrated.

A.2. Three phase fault with normal clearing on the V.C. Summer #3 generator
terminal 26kV bus

A. Moderate rotor angle oscillation for system generators with good damping
and no indication of instability.

B. There was no indication of voltage instability.
C. Generator frequency responses are moderate and well damped with no

system UFLS or generator under/over frequency operations.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-002 compliance demonstrated.

A.3. Single line to ground fault with delayed clearing on the future V.C. Summer #3
switchyard to the existing V.C. Summer #1 generator switchyard bus #2

A. Pronounced rotor angle oscillation for local generators with good damping
and no system instability.

B. There was no indication of voltage instability.
C. Generator frequency responses are moderate and well damped with no

system UFLS or generator under/over frequency operations.
D. Loss of offsite power to V.C. Summer #1 Engineered Safeguard Features

7.2kV buses not due to V.C. Summer #3 generator.

E. NERC Reliability Standard TPL-003 compliance demonstrated.

A.4. Three phase fault with normal clearing on the
generator bus #1

A. Moderate rotor angle oscillation for system
damping.

B. There was no indication of voltage instability.

C. Generator frequency responses are moderate

existing V.C. Summer #1

generators with adequate

and well damped with no

system UFLS or generator under/over frequency operations.
D. Special Protection System to trip Fairfield Pumped Storage #1-8 required as

previously identified for V.C. Summer #2 generator.
E. No negative impact on existing V.C. Summer #1 offsite power.
F. NERC Reliability Standard TPL-004 compliance demonstrated.

14
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V.C. Summer #3 STABILITY STUDY RESULTS

System Light Load Cases

A.I. Steady state conditions
A. Generator rotor angles demonstrate steady state condition.
B. There was no indication of voltage instability.
C. Generator frequencies show no deviation.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-001 compliance demonstrated.

A.2. Three phase fault with normal clearing on the V.C. Summer #3 generator
terminal 26kV bus

A. Small rotor angle oscillation for system generators with poor but adequate

damping.
B. There was no indication of voltage instability.
C. Generator frequency oscillations small with poor but adequate damping.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-002 compliance demonstrated.

A.3. Single line to ground fault with delayed clearing on the future V.C. Summer #3
switchyard to the existing V.C. Summer #1 generator switchyard bus #2

A. Large rotor angle oscillation for system generators with poor damping.
B. There was no indication of voltage instability.

C. Generator frequency oscillations moderate with adequate damping.
D. Loss of offsite power to V.C. Summer #1 Engineered Safeguard Features

7.2kV buses not due to V.C. Summer #3 generator.

E. NERC Reliability Standard TPL-003 compliance demonstrated.

A.4. Three phase fault with normal clearing on the existing V.C. Summer #1

generator bus #1
A. Moderate rotor angle oscillation for system generators with adequate

damping.
B. There was no indication of voltage instability.

C. Generator frequency oscillations moderate and adequately damped.
D. Special Protection System to trip Fairfield Pumped Storage #1-8 required

previously identified for V.C. Summer #2 generator.
E. No negative impact on existing V.C. Summer #1 offsite power.
F. NERC Reliability Standard TPL-004 compliance demonstrated.

A.5. Three phase fault with normal clearing on the existing V.C. Summer #1
generator bus #2 to Fairfield Pumped Storage Generators #5-8

A. Moderate rotor angle oscillation for SCE&G generators with poor damping
due to reduced system synchronizing torque during low system load
conditions.

B. There was no indication of voltage instability.

C. Generator frequency oscillations moderate but poorly damped.
D. No negative impact on existing V.C. Summer #1 offsite power.
E. NERC Reliability Standard TPL-004 compliance demonstrated.

15
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4. Stability Study Conclusions

This study demonstrates that the proposed V.C. Summer #3 generator
interconnection to the SCE&G system is compliant with NERC Reliability
Standards. There was no indication of voltage instability. None of the
simulations indicated that system UFLS or generator under/overfrequency
operations would occur. Neither does the interconnection have a negative
impact on the existing V.C. Summer #1 offsite power quality. The cases that
resulted in the loss of offsite power for the V.C. Summer #1 generator were
caused by delayed clearing relay settings and not by the V.C. Summer #3
generator. Several cases with faults located near the V.C. Summer #1 and the

Fairfield Pumped Storage units confirmed the need for a Special Protection
System that will trip the Fairfield units to prevent instability. The need for this
Special Protection System was identified during the V.C. Summer #2 System
Impact Study. The SCE&G Relay and SCADA Applications department has
identified the operating features of such a scheme and will make the required
system protection improvements.

]6
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III. Required Interconnection Facilities

The analyses performed in this study confirmed the results of the Feasibility Study and
show that constructing two new 230kV lines from the proposed VC Summer #3

generator to near the Charleston area load center, plus additional transmission
improvements described below, are required to reliably transmit SCE&G's ownership
portion of the 1,165 MW of the proposed VC Summer #3 generator from the VC
Summer area to the remainder of the SCE&G system. Additionally, the off-peak

analysis identified the need for a series reactor on the VC Summer #1-Newport (Duke)
230kV line to limit the power flow on that line.

The required transmission improvements:

. Construct VC Summer New-St George 230kV Double Circuit B1272 line (135 mi)
(Add 2 230kV terminals at VC Summer New using breaker-and-a-half

design)

. Construct VC Summer New-VC Summer #1 Bus #1

(Add 230kV terminal at existing VC Summer #1 Bus #1)
(Add 230kV terminal at VC Summer New using breaker-and-a-half
design)

3. Establish a St George 230kV Substation using breaker-and-a-half design
(6 terminals - 9 breakers)
(Future 2 terminals - 3 breakers)
(Add land)

4. Fold-in the Canadys-Santee 230kV line at St George 230kV

5. Upgrade the Canadys-St George 230kV line to B1272
(Upgrade Canadys terminal)

6. Fold-in the Wateree-Summerville 230kV line at St George 230kV

7. Upgrade the St George-Summerville 230kV line to B1272
(Upgrade Summerville terminal)

8. Upgrade Saluda-Georgia Pacific 115kV Double Circuit line to 1272
(Upgrade Saluda terminal)

9. Install a 230kV Series Reactor (25% on a 500 MVA base) on the VC Summer #1-

Newport (Duke) 230kV line

Add six (6) terminals (8 breakers) to the VC Summer New substation using breaker-
and-a-half design.

10. One - for VC Summer #3 generator step up transformer
11. One - for VC Summer #3 station service

]7
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12. One - for the new 230kV line to the existing VC Summer #1 bus #1
13. Two - for the 2 new 230kV lines to St George 230kV
14. One - for the new 230kV line to Sandy Run (Santee Cooper)

To resolve overstressed conditions of the breakers as described in the Short Circuit

Analysis section, Transmission Planning recommends replacing the following breakers
with higher interrupting capability breakers:

Location Voltage Breaker #
VC Summer #1 230 8822

VC Summer #1 230 8932

VC Summer #1 230 8902

Lyles 115 732
Edenwood 115 3052

Dunbar 115 1112

A.M. Williams 115 5712

St. George 115 5002

St. George 115 5022

St. George 115 5052

St. George 115 5082

As stated in the stability analysis section, several cases with faults located near the VC
Summer #1 and the Fairfield Pumped Storage units revealed a need for a Special
Protection System that will trip the Fairfield units to prevent instability. The SCE&G

Relay and SCADA Applications department has identified the operating features of such
a scheme and will make the required system protection improvements.

]8
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IV. Engineering Design & Cost

A. Engineering Single line Layout & Substation Arrangement
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Substation Arrangement
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B. Transmission & Substation Cost

All cost estimates are in 2006 dollars.

1. Construct VC Summer New-St George 230kV
Double Circuit B1272 line (135 miles) ....................................... $153,950,000

2. Construct VC Summer New-VC Summer #1 Bus #1) ............................ $600,000

(Add 230kV terminal at existing VC Summer #1 Bus #1) .............. $1,100,000

3. Construct St George 230kV Substation using
breaker-and-a-half design ........................................................... $11,400,000

4. Fold-in the Canadys-Santee 230kV line at St George 230kV ............. $1,100,000

5. Upgrade the Canadys-St George 230kV line to B1272 ...................... $7,300,000

6. Fold-in the Wateree-Summerville 230kV line at St George 230kV ..... $1,100,000

7. Upgrade the St George to Summerville 230kV line to B1272 ........... $15,300,000

8. Upgrade Saluda-Georgia Pacific 115kV Double Circuit line to 1272 $11,900,000

9. Add six (6) 230kV terminals (8 breakers) at VC Summer New using
breaker-and-a-half design ........................................................... $12,000,000

10. Install a 230kV Series Reactor (25% on a 500 MVA base) on the

VC Summer #1-Newport (Duke) 230kV line .................................. $3,800,000

Replace overstressed breakers

11. Three (3) 230kV breakers ................................................................... $660,000
12. Eight (8) 115kV breakers ................................................................. $1,200,000

Total Cost Estimate ................................................................................... $221,410,000
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Generator Interconnection Facilities Study

SCE&G V.C. Summer Nuclear #2

A Generator Interconnection Facilities Study is an extension of the previous Generation

Interconnection System Impact Study, and specifies and estimates the cost of the
equipment, engineering, procurement and construction work needed to implement the
conclusions of the Interconnection System Impact Study in accordance with Good Utility

Practice to physically and electrically connect the Interconnection Facility to the
Transmission System. A Generator Interconnection Facilities Study also identifies the
electrical switching configuration of the connection equipment, including, without
limitation: the transformer, switchgear, meters, and other station equipment; the nature
and estimated cost of any Transmission Provider's Interconnection Facilities and

Network Upgrades necessary to accomplish the interconnection; and an estimate of the
time required to complete the construction and installation of such facilities.

General Discussion

The SCE&G Nuclear Group has applied for interconnection of a new 1375 MVA nuclear
generator near the existing V.C. Summer site. This new generator would be jointly
owed by SCE&G and Santee Cooper, SCE&G would own 55% and Santee Cooper
would own the remaining 45%. In this study Santee Cooper's portion of the generator
output was represented as delivered to the Santee Cooper system.

The previously completed System Impact Study recommended the following
transmission line improvements:

1. Construct VC Summer-Wlnnsboro- Killian 230kV

• (add 230kV terminal at Killian)
2. Construct VC Summer-Lake Murray 230kV

• (add 230kV terminal at Lake Murray)
3. Construct VC Summer #2-VC Summer #1 bus #2

• (add 230kV terminal at VC Summer #1 bus #2)
4. Construct VC Summer #2-VC Summer #1 bus #3

• (add 230kV terminal at VC Summer #1 bus #3)
5. Upgrade existing Denny Terrace-Lyles 230kV
6. Add a 3rd 230/115kV 336 MVA auto transformer at Lake Murray
7. Add a 3rd 230/115kV 336 MVA auto transformer at Denny Terrace

8. Upgrade existing Saluda-McMeekin 115kV line
9. Upgrade existing Lake Murray-McMeekin 115kV line
10. Upgrade existing Lake Murray-Saluda 115kV
11. Add second 230kV bus tie breaker at Denny Terrace

Construct a new 230kV generator substation at the proposed site using a breaker-and-

a-half design with ten 230kV terminals

Construct Transmission from VC Summer #2 Generator to VC Summer #2 Switchyard
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Re-terminateVC Summerarea linesto theVC Summer#2 Substation

1. Re-terminate Bush River (Duke) 230kV line to VC Summer #2 substation
2. Re- terminate Newberry (SCPSA) 230kV line to VC Summer #2 substation (paid

by SCPSA)
3. Re-terminate Ward 230kV line to VC Summer #2 substation

4. Re-terminate Lake Murray 230kV #1 line to VC Summer #2 substation
5. Re-terminate Denny Terrace 230kV #1 line to VC Summer #2 substation

Re-terminate VC Summer area lines to the VC Summer #1 Substation

1. Re-terminate Blythewood (SCPSA) 230kV line to VCS bus #1 (paid by SCPSA)
2. Re-terminate Pineland 230kV line to VCS bus #3

3. Re-terminate Denny Terrace 230kV line #2 to VCS bus #3
4. Re-terminate Newport (Duke) 230kV line to VCS bus #2

Replace overstressed
1. 230kV breakers - 9
2. 115kV breakers - 9

In the future, SCE&G Transmission Planning will periodically review the results of this
Interconnection Facilities Study to determine if the recommended transmission

expansion and the associated cost estimates remain valid.

I. Generator Information

The generator design consists of a single nuclear unit and one step-up transformer.
The generator unit will have a maximum gross MVA output capacity of 1,375 MVA and
a maximum continuous net MW of 1,165 MW.

The generator design consists of the following information:
MVA - gross:
MW- net:
Power Factor:

Voltage:
Speed:
X'd-sat.: 0.465 PU;
X2-sat.: 0.320 PU;

1375
1165
between .90 and 1.05

22kV

1800 rpm
X"d-sat.: 0.325 PU
X0:0.237 PU

II. Cost Estimates of Transmission Provider's Interconnection Facilities and

Network Upgrades and Completion Dates

The Table below includes the cost estimate for the required Transmission Provider
Interconnection Facilities, the required Network Upgrades and the estimated completion

date for each of these required projects.
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III. Facilities Classifications

The Facilities Study report must identify and estimate the cost of any Transmission
Provider's Interconnection Facilities and Network Upgrades necessary to accomplish
the interconnection. The diagram below includes color and line style indications of
which facilities fall into the classification of Network Upgrades, Transmission Provider's
Interconnection Facilities or Interconnection Customer's Interconnection Facilities. Cost

estimates for all Network Upgrades and Transmission Provider's Interconnection
Facilities are included in Section II of this report. The diagram below is different from
the diagram in the System Impact Study and reflects the most recent substation design.

Fairfield #1 & #2

f ) Nuclear # l

T spare Winnsboro (Santee)

k-AJ k._kJ

VCS l bus #2

Newport (Duke)

VCS 1 bus #3
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Network Upgrades
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Interconnection Facilities
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May 29, 2008 - Revision #2

This revision renames and rearranges one of the associated
projects in the narrative and in the cost estimate table for
clarification. The rest of the report is unchanged and
included in its entirety.

May 27, 2008 - Revision #1
This report corrects a double entry line item in the cost
estimate for the VC Summer #3 interconnection. The rest of

the report is unchanged and included in its entirety.

TABLE OF CONTENTS

General Discussion ........................................................................ Page 3

I. Generator Information ............................................................... Page 4

II. Cost Estimates and Completion Dates ..................................... Page 4

II1. Facilities Classifications ........................................................... Page 6

IV. Electrical Switching Configuration ............................................ Page 7

V. Facilities Diagram with VC Summer #2 and #3 ........................ Page 8



Exhibit No.

Page 91 of 96

Generator Interconnection Facilities Study

SCE&G V.C. Summer Nuclear #3

(HCY-2)

A Generator Interconnection Facilities Study is an extension of the previous Generation
Interconnection System Impact Study, and specifies and estimates the cost of the
equipment, engineering, procurement and construction work needed to implement the
conclusions of the Interconnection System Impact Study in accordance with Good Utility
Practice to physically and electrically connect the Interconnection Facility to the
Transmission System. A Generator Interconnection Facilities Study also identifies the
electrical switching configuration of the connection equipment, including, without
limitation: the transformer, switchgear, meters, and other station equipment; the nature
and estimated cost of any Transmission Provider's Interconnection Facilities and
Network Upgrades necessary to accomplish the interconnection; and an estimate of the
time required to complete the construction and installation of such facilities.

General Discussion

The SCE&G Nuclear Group has applied for interconnection of a new 1375 MVA nuclear
generator near the existing V.C. Summer site. This new generator would be the third
nuclear generator on this site and would be jointly owned by SCE&G and Santee
Cooper, SCE&G would own 55% and Santee Cooper would own the remaining 45% In
this study Santee Cooper's portion of the generator output was represented as
delivered to the Santee Cooper system.

The previously completed System Impact Study for VC Summer #3 recommended the
following transmission line improvements:

1. 230KV Switchyard Additions for Unit #3 Add six (6) 230kV terminals (8
breakers) at VC Summer New using breaker-and-a-half design

2. Construct VC Summer New-St George 230kV Double Circuit B1272 line (135
miles)

3. Construct VC Summer New-VC Summer #1 Bus #1)
(Add 230kV terminal at existing VC Summer #1 Bus #1)

4. Construct St George 230kV Substation using breaker-and-a-half design
5. Fold-in the Canadys-Santee 230kV line at St George 230kV
6. Upgrade the Canadys-St George 230kV line to B1272

7. Fold-in the Wateree-Summerville 230kV line at St George 230kV
8. Upgrade the St George to Summerville 230kV line to B1272
9. Upgrade Saluda-Georgia Pacific 115kV Double Circuit line to 1272
10. Install a 230kV Series Reactor (25% on a 500 MVA base) on the VC Summer #1-

Newport (Duke) 230kV line

Replace overstressed breakers

11. Three (3) 230kV breakers
12. Eight (8) 115kV breakers
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In the future, SCE&G TransmissionPlanningwill periodically reviewthe resultsof this
Interconnection Facilities Study to determine if the recommended transmission
expansionand the associatedcost estimatesremainvalid.

I. Generator Information

The generator design consists of a single nuclear unit and one step-up transformer.
The generator unit will have a maximum gross MVA output capacity of 1,375 MVA and
a maximum continuous net MW of 1,165 MW.

The generator design consists of the following information:
MVA - gross:
MW- net:
Power Factor:

Voltage:
Speed:
X'd-sat.: 0.465 PU;
X2-sat.: 0.320 PU;

1375
1165
between .90 and 1.05
22kV

1800 rpm
X"d-sat.: 0.325 PU
X0:0.237 PU

II. Cost Estimates of Transmission Provider's Interconnection Facilities and

Network Upgrades and Completion Dates

The Table below includes the cost estimate for the required Transmission Provider
Interconnection Facilities, the required Network Upgrades and the estimated completion
date for each of these required projects.
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III. Facilities Classifications

The Facilities Study report must identify and estimate the cost of any Transmission
Provider's Interconnection Facilities and Network Upgrades necessary to accomplish
the interconnection. The diagram below includes color coded indications of which
facilities fall into the classification of Network Upgrades, Transmission Provider's
Interconnection Facilities or Interconnection Customer's Interconnection Facilities. Cost

estimates for all Network Upgrades and Transmission Provider's Interconnection
Facilities are included in Section II of this report.

Newport (Duke)
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